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A Warning: DO NOT USE THISPRODUCT IN LIFE SUPPOR SYSTEMS.

LIFE SUPPORT POLICY

ZILOG’S PRODUCTS ARE NOT AUTHORIED FORUSE AS CRITICAL COMPONENTS IN LIE
SUPFORT DEVICES OR SYSTEMS WITHOUT THEXPRESSPRIOR WRITTEN APPROVALOF
THE PRESIDENT AND GENERAL COUNSEL OF ZOG CORPORATION.

As us ed herein

Life support devicesr g/stans ae devies which (a) ae intended for srrgical implant into thebody, or (b)
support or sustailife and whog failureto perform when properly used accordance with instructions for
use providedn the labelingcan be reasonably expectedesult in asignificant injuryto the userA criti-
cd camponert is any camponert in a life upport device or system whose failure to perform can bereaon
ably expectal to cause thdailure of the life support deveeor system or to &ct its sdety oreffectiveness.

Docum ent Discla imer

©1/17/12 Zilog, Inc. All rights reseved. Information irthis publicdion concerningthe devicesapplica-
tions, or technologgescribed is itended tosuggest peside uses andmay be sugersaled. Zilog, INC.
DOES NOT ASSUMHELIABILITY FOR OR PROMDE A REPRESENRATION OFACCURACY OF
THE INFORMATION, DEVICES, OR TECHNQOGY DESCRIBED IN THIS DOCWENT. Zilog
ALSO DOES NOT ASSME LIABILITY FOR INTELLECTUAL PROPER'Y INFRINGEMENT
RELATED IN ANY MANNER TO USE OF INFORMATION, DEVICES,OR TECHNOLOGY
DESCRIBED HEREIN OR OTHEWISE. The informdion containedwithin this documenthas beener-
ified according to thgeneal princplesof eledrical and mehanical enginering.

ZMOTION andz8 Enare! XP are rgistered tralemarksof Zilog, Inc. All other product orservice names
are the propy of their respective owners

PS028511-0112 Disclaimer
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Revision History

Each instacein therevision history thle rdlects a chang® this document from its pre-
vious revision. Fomore detailsyefer to thecorrespnding pages or gpropriatelinks pre
vided n thetable belov.

Revision

Date Level Description Page
Dec 11 Updated to include two new Nicera lenses in the Lens and PIR Sensor 40
2011 Selector.
Jan 10 Modifications to some lens/sensor descriptions in Lens Selection Guide. 55
2011
Jan 09 Updated to include two new Nicera lenses in the Lens and PIR Sensor 40
2011 Selector.
Jan 08 Updated to correct part number on title page. i
2011
Nov 07 Updated to comply with accepted Zilog style. All
2010
Nov 06 Updated to new Zilog/IXYS logo. All
2010
Oct 05 Replaced all instances of ePIR with advanced passive infrared. All
2010
Sep 04 Fixed formatting and pagination issues. All
2010
Sep 03 Replaced Zilog logos, ePIR with ZMOTION, and Zdots with Module. All
2010
Oct 02 Updated the Related Documents section (changed 88-pin SOIC to 28-pin 42, all
2008 SOIC for Z8FS040AHJ20SG). Removed references to GP and General

Purpose.
Oct 01 Original issue. All
2008
PS028511-0112 Revision History
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Overview

Zilog’'s ZMOTION Detecton andControl Family of productprovidesan integated and
flexible solution formotion déection applications based &assive Infrared (PIR) tech-
nology; including a high-perfiaonance ZMOTION microcontiter with integrated motion
detection algorithms and alsetion of lensesnd PIR sasors to fit a wideange of appli-
cation requirments. Optimized configuratiggarameters fothe MCU are provided for
each lens/sensor combinatioretwsure the best passible performancenhile significantly
redwing developnen risk ard minimizingtime to market.

Dependhg upon your agplication requrements, the ZMOTION Diection ard Cantrol
Family offers a broad rangef solutions from a sinple combination of the Z8FS040
MCU and an APto a full set ofpyros andenses thaare bundédwith theZ8FS040
MCU. The ZMOTION MCU is also p&agedas a complete motion detection solution,
the ZMOTION Module.

Zilog’'s Z8FS040 MCU combines the programnigyp and rich peripheral set of Zilog’
Z8 EncoreXP® Flash MCUs with builin motion detestion software algorithms to pro
vide the functions recessaryfor PIR mation detection apptations. These motiotdetec-
tion algorithms compris&ilog’s PIRtechrology ard runin the ba&groundwhile cantrol
andstatus of the PIEEngineis accessed througla oftware API. As areallt, the designe
can crete application-pedfic software while tking advarage of dlog’s ZMOTION
Motion Detection &chnology

API settings ar@rovided tomatch the Engine operation &ach of thdens andoyroelec-
tric sensocombinations proded.

TheFlash in-circuit programming capaibjl of theZ8FS040 allows for faster develop-
ment time, more flexible manufactugimnd firmware changs in thefield.

Zilog’s AR motion detection technology prides a dramatiamprovemen in bath sensi-
tivity and stablity over traditionaldesignsard is scalable tanany markesegments
includingLighting Control, H\AC, Access Conbl, Vending, Diglay, Proximity, Powe
Managemert, Occupang Sersingandmany others.

Features

PS028511-0112
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Key features othe Z8FS04MCU include:

® High paformance eZ8 CPU core

® 4KB in-circuit programmatd Flash available for appliation code
® Sinde-pin debug with unlimitedbreakpoints

® Flexble clocking scleme

Overview
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Internal precision oscillatounning at 5.58Hz

Extemal oscillatoroperating up to 28IHz

Sigma Delta ADC

Up to 6 chanmls single-ended or 3 chamels differentdl available

On-chip analog comparataith indeperdent programmatte reference vtage
Full-duplex UART with dedicaed BRG

Two 16-bit timers wth input capture, outg compare, and PWM capability (11 modes
total)

Watchdog timer (WD with dalicaied internal oscillator
Up to 20 vedoredinterrupts
6 to 251/0 pins depenling upon package

2.7V to 3.6V operating voltage with exteled operatirg tenperaturerange —4°C to
+105°C

Zilog’'s AR technology controdld andmonitored througtsoftware APlregisters
Select from an asstment of lengs angyroelectric sensors to best fit yogpplication
API settings provided for each leasd pyroelectd sensor combination

Directy suppats 1or 2 pyroelectricsersors

Sensitvity control, range conbl and directional dettion

Exterded detectbn modes foroccypancysersing

Low power modes

Features
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Z8FS040 MCU Block Diagram

Figure 1 dsplays a lbock diagram of the Z8FS04 MCU.

POR
Interrupt &VBO WDT +

Pl.R Controller Low Power External

Engine 1 Oscillator XTAL/RC
Oscillator

Register

Fl(lzesleng Flash F?gfh On-Chip Eﬁ% Oscillator —
Controller Debu Control . A

+ Memory 9 Internal
AP ' Oscillator

1 Program Memory Bus

Register File Bus

ﬁ

R 1 | 1

< BrC Comp ADC On-Chip
& BRG V. Y )
Timer 0 Timer 1 REF rer Peprg)vt::rral
l 1 1 Control
Comparator Sigma/Delta
IrDA p ADC
GPIO

Figure 1. Z8FS040 MCU Block Diagram

PS028511-0112 Z8FS040 MCU Block Diagram
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MCU Part Selection Guide and Reference

TheZMOTION MCU is packaged inhreeformsto suit dffering applcation require-
ments, as follows

The ZMOTION Dedicated Silicon and Optimized Software Solution. A general-pu
pose MCU with motion det&ion software and API stack.

The ZMOTION Module. A completemodularsygem with alens and pyroeletric sensor
for out-of-the-box development.

The ZMOTION Detection an d Control Bundled Solution. A padkage that combinethe
ZMOTION MCU with an assortn@ of lensesnd pyros

Table 1 lists these three glaages by pa numbe, while Table 2 indicates changes since
theinitial release of the MCU.ddetermire the appropriate ZMOTION product fgour
applicdion by part numbersee theOrdering Informatiorsection on page 3 of this docu

ment.
Table 1. Z8FS040 MCU Package Availability
ZMOTION MCU Z8 Encore XP Flash ADC
Part Num ber Base Part Number Memory GPIO Channels Package
Z8FS040xSB20EG Z8F082ASB020EG 4 KB 5 3 8-pin SOIC
Z8FS040xHH20EG Z8F082AHHO020EG 4 KB 16 4 20-pin SSOP
Z8FS040xHJ20EG Z8F082AHJO020EG 4 KB 22 6 28-pin SSOP

Note: x = PIR Technology Revision Identifier (see Table 2).

Table 2. PIR Techno logy Revision Identifie rs

Part Numb er Engine
Version Revision Identifier Description

1.00 A Initial release for ZEPIROAASO01SBCG, 8-pin version only.

2.00 B ZMOTION MCU Series release features improved detection/stability,
added range; low power, extended detection, dual pyro capability;
advanced API features. Revised Z8FS040x part numbering schema.

Pleaseaefer to thebasepat numbe in theZ8 Encore!XP FO82A SeriesProdict Sgecifi-
cation(PS@28) for all MCU functions, fatures ard spedfic ationsnot coveredn this
document.

PS028511-0112 MCU Part Selection Guide and Reference
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Zilog's ZBFSMO0 praducts are available i8-pin SOIC and20- ard 28in SSOP pckage
corfigurations, as slownin Figures 2through 4. This chapter deribes theignals and
available pirconfigurations foreach of thee package types. For a descriptidthesig-
nds, eeTables 6through8 starthgon page 2. For physical package specification infor-
mation, se thePackadng sectian on page39.

VDD—

PAO/TOIN/TOOUT/XIN/DBG ——
PAL/TOOUT/XOUT/ANA3SNREF/CLKIN ——

PA2/RESET/DEO/T10UT —

8 —VSS

7 [ PA5/TXDO/T10OUT/ANAO/CINP
6 ——PA4/RXDO/ANAL/CINN

5 ——ANA2

Figure 2. 8-Pin SOIC Package Diagram — Z8FS040xSB20EG

PBUANAL— 1
ANA2— 2

ANA3 —| 3

VDD 4
PAO/TOINTOOUT/XIN—— 5

PAL/TOOUT/XOUT—— 6
VSS— 7

PA2/DEO—— 8
PA3/CTSO—| 9

PA4/RXDO—— 10

20
19
18
17
16
15
14
13
12

11

—— PBO/ANAO
——PC3/COUT

—— PC2/ANAG/LED/VREF
—— PC1/ANAS5/CINN

—— PCO/ANA4/CINP

——DBG

—— RESET/PDO
—— PA7/T1OUT
—— PAG/T1IN/T10OUT

—— PA5S/TXDO

Figure 3. 20-Pin SSOP Package Diagram — Z8 FS040xHH20EG

PS028511-0112
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ANA2 ——
PB4/ANA7 ——
PBS/VREF ——

ANA3

AVDD ——

VDD——
PAO/TOIN/TOOUT/XIN ——
PAL/TOOUT/XOUT ——
VSS ——

AVSS——

PA2/DEO——
PA3/CTSO——
PA4/RXDO——

PA5/TXDO —

ZMOTION™ Detection a nd Control Fam ily

Product Specifica tion
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10
11
12
13

14

28
27
26
25
24
23
22
21
20
19
18
17
16
15

—— PBI/ANAL

—— PBO/ANAO

—— PC3/couT

—_ PC2/ANA6

——— PC1/ANAS/CINN
——— PCO/ANAA/CINP
——DBG

— RESET/PDO

-~ pC7

—— PC6

—— PA7/T10UT
——PC5

—— PC4

- PAG6/T1IN/TIOUT

Figure 4. 28-Pin SSOP Package Diagram — Z8FS040xHJ20EG

Pin Configurations
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Signal Descriptions

At reset, d port pins ae set to theGPIO imut state onthe 8-pn SAC packagexoept for
RESETDEO/T1gyT, whichis confguredto RESET, and RO/TOn/TOqy/X,n/DBG
which is configured t@BG. On the 20-and 28-pinfSSOP packaes,REET/PDO is con-
figured toRESET

Table 3 describes the Z8FS08@ries signals.

Table 3. Z8FS040 MCU Signal De scrip tions

Signal Mnemonic I/0 Description

General-Purpose 1/0 Ports A -D

PA[7:0] I/O Port A. These pins are used for general-purpose 1/O.

PB[5:0] I/0 Port B. These pins are used for general-purpose 1/0.

PC[7:0] I/0 Port C. These pins are used for general-purpose 1/O.

PDI[O] (0] Port D. This pin is used for general-purpose output only.

UART Controllers

TXDO (0] Transmit Data. This signal is the transmit output from the UART and
IrDA.

RXDO I Receive Data. This signal is the receive input for the UART and IrDA.

CTSO I Clear To Send. This signal is the flow control input for the UART.

DE 0 Driver Enable. This signal allows automatic control of external RS-485
drivers. It is approximately the inverse of the Transmit Empty (TXE) bit in
the UART Status O Register. The DE signal can be used to ensure that
the external RS-485 driver is enabled when data is transmitted by the
UART.

Timers

TOout/TlouT o Timer Output 0-1. These signals are outputs from the timers.

TOout/TlouT O Timer Complement Output 0-1. These signals are output from the timers
in PWM DUAL OUTPUT Mode.

TON/TLIN I Timer Input 0-1. These signals are used as the capture, gating and
counter inputs.

Compar ator

CinP/CiNN I Comparator Inputs. These signals are the positive and negative inputs to
the comparator.

Cout @] Comparator Output.

PS028511-0112

Downloaded fronDatasheet.su

Signal Descriptions



ZMOTION™ Detection a nd Control Fam ily
Product Specifica tion

LIXYS

Table 3. Z8FS040 MCU Signal Descriptions (Continue d)

Signal Mnemonic I/O Description

Analog

ANA[7:0] I Analog Port. These signals are used as inputs to the analog-to-digital
converter (ADC).

VREE I/0 Analog-to-digital converter reference voltage input, or buffered output for
internal reference.

Oscillators

XN I External Crystal Input. This is the input pin to the crystal oscillator. A
crystal can be connected between it and the Xgy1 pin to form the
oscillator. In addition, this pin is used with external RC networks or
external clock drivers to provide the system clock.

XouT 0] External Crystal Output. This pin is the output of the crystal oscillator. A
crystal can be connected between it and the Xy pin to form the
oscillator.

Clock Input

CLKIN I Clock Input Signal. This pin may be used to input a TTL-level signal to be
used as the system clock.

LED Drivers

LED 0] Direct LED drive capability. All port C pins have the capability to drive an
LED without any other external components. These pins have
programmable drive strengths set by the GPIO block.

On-Chip Debugg er

DBG I/0 Debug. This signal is the control and data input and output to and from
the On-Chip Debugger.

_ The DBG pin is open-drain and requires a pull-up resistor to ensure

A Caution: proper operation.

Reset

RESET 110 RESET. Generates a Reset when asserted (driven Low). Also serves as
a reset indicator; the Z8 Encore! XP forces this pin low when in reset.
This pin is open-drain and features an enabled internal pull-up resistor.

Power Supply

Vpp I Digital Power Supply.

AVpp I Analog Power Supply.

Vgg I Digital Ground.

AVgg I Analog Ground.

PS028511-0112
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Memory Map

TheZ8FSMO0 MCU is baedon Zilog's Z8F®2A device,which contairs a totadof 8KB
of Flash memoryZilog’s PIR technologys locded inthe 4KB address range.000h to
1FFFh, a ®de space that is locked and canpegérased by the usdny the Zilog Debug
Interface (ZO) massor page erse commandslhe remaining &B of this Flash meory
spacein the addres rang®000h to OFFFh, is available foruser gplication code.

A memory map ofthe Z8SF04MCU is illustratedin Figure 5.

1FFFh
Reserved for
PIR Engine
1000h
OFFFh
User Application
Code Space
(4033 bytes)
003Eh
003Dh Interrupt.Vectprs
0000h and Option Bits

Figure 5. Z8FS040 MCU Progr am Memory Map

PS028511-0112 Memory Map
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There is a total 01KB of RAM avalable on the base Z8F82A device. Sane d this
RAM (from 080h to OEFh and from190h to 3FFh) is used byilog's PIR technology
The remainder athe RAM, from 000h to 07Fh andfrom 110h to 18Fh (256 bytes) is
available tahe application. The MCU Contrélegisters e locted at the top of nraory,
from FOOh to FFFh, and are Iso available to the appliation. Theareafrom 400h to EFFh
contains no ddace memory See Figure 6.

FFFh

FOOh

MCU
Control Registers

/Z
7/

/Z.
4

EFFh

400h

3FFh

190h

Reserved for PIR Engine

User Application RAM
(128 bytes)

18Fh

110h

10Fh
100h

Standard PIR API

Advanced PIR API

OFFh
OFOh

OEFh

080h

Reserved for PIR Engine

User Application RAM
(128 bytes)

07Fh

000h

Figure 6. Z8FS040 MCU RAM Memory Map

ThePIR Motion Detection APl is a serie§regiders loaedin RAM memory spee,
from OFOh to 10Fh. It is through these nmeory locationghat coniguration ard stats are
passed baveen the PIR technologynd the userapplication. Advanced Al registersare

PS028511-0112
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locatedin the address ran@&0h to OFFh. See th&ilog’'s PIR Echnologyand APIchap
ter on page 19 faletails abut theAPI registersand settingup the projectnemory envi-
ronment.

Peripherals

Thefollowing sections describe thdifferenceschangs, or limitations placg on any of
the Z8FS04) peripherals @ other functions from the baseZ8F082A device. To learnmore
about the opetmn of eat peripheral pleasefer to the appropriate ston of theZ8
Encore! XP F082/Series Podud Specificdion (PS0228)

Peripheral Availability

Table 4shavs how the Z8F040 MCU peripherals ar@isedby Zilog's PIR tecmdogy
andhow theseeripheralsdiffer from their ounterparton the basZ8F082A devie. The
peripherals used by the PlIRdhrology should notbeusedby the applicabn unless the
ergine is disdledthrough the PIRENgine Enable Registe.

Table 4. Peripheral Availability

Device
Z8FS040xSB20EG Z8FS040xHH20EG Z8FS040xHJ20EG
Base MCU Device Z8F082ASB020EG Z8F082AHHO20EG Z8F082AHJ020EG
Pins/Package 8 pin SOIC 20-Pin SSOP 28-Pin SSOP
ADC ANA2 is used for PIR ANA2 is used for PIR ANA2 is used for PIR
sensor input. sensor input. sensor input.
ANA3 is used for a ANA3 is connected to ANAZ3 is connected to
second sensor input in ANAG6/VREE. VREE-
DUAL PYRO Mode. ANA3 is used for a ANA3 is used for a
second sensor input and second sensor in DUAL
ANAG6 becomes available PYRO Mode
in DUAL PYRO Mode.
VREE Internal Vyep used by the Internal Vg used by the Internal Vggg used by the
PIR engine and setto 1V. PIR engine and setto 1V. PIR engine and setto 1V.
Timer 0 Available to application.  Available to application.  Available to application.
Timer 1 Available to application.  Available to application.  Available to application.

PS028511-0112
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Table 4. Peripher al Availability (Continued)

Product Specifica tion

LIXYS 1 2

GP I/O
with ANA2/ANA3 and for PIR functions.

used for PIR sensor input |, pyAL PYRO Mode,
(ANAZ for SINGLE PYRO pc2 becomes available.

PA3/PA1 are multiplexed PB2, PB3 & PC2 are used PB2, PB3 & PB5 are used

for PIR functions.

In DUAL PYRO Mode,
PB5 becomes available.

Mode and ANA2/ANAS3 for
DUAL PYRO Mode).

Low Power Op Amp

Not Available Not Available Not Available

Comparator Available to application.  Available to application.  Available to application.

UART Available to application — Available to application.  Available to application.
No CTS.

Temperature Sensor  Not available. Not Available. Not Available.

LED Drive

— Available to application.  Available to application.

WDT

Available to application.  Available to application.  Available to application.

PS028511-0112
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The remainder athis sectionfurther describes thdifferencesn application availability
betweenthe 8-pn, 20pin ard 28-pn peripleral sets.

Analog to Digit al Signal Conversion

Zilog’'s PIR tedinology requires exclusivacess to theADC peripheal to deect motion.
However ADC conveasions ca be requeasd by theapplication viahe API (PIR $atus/
Control Register 3). lit is necessary for theser applicatiomo utilize the ADCperipheral
directly, thePIR engne must first belisabla via the PIREngine Enhle Rajister inthe
API. Motion detectio is notpossible while thd’IR engneis disebled Whenthe user
applicaton is finishedwith the ADC peripherd, it must reenable the PIR engine.

8-Pin Device. PA3 (ANA2) isreservedas theanalog ADC input from the pyroeledc
sensarTherefore, ANA2 i1ot available fouser applications. Additionall ANA3 is
used for second-sensor inputJAL PYRO Mode All other cvannds are available to
the userpplication.

ADC Channel Available to Appl ication
0 Yes
1 Yes
2 No
3 Only in Single Pyro Mode

20-Pin Device . PB2 (ANA2) is reseved as the analog ADC input from tipgroelectric
sensarTherdore ANA2 is not available fouser applicationsAlso, ANA3and ANAGare

Peripherals
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not availablesincePB3 (ANA3) must beied diredly to PC2(ANAG6/Vrgr). PC2is con-
figured asVrge output by the PIRengine In DUAL PYRO Mode, ANAS isuseal for see-
ond sersor input ratherthan being tied t& g, and therefore ANAG/¥g- bemmes
available. Al othe channelsareavailable to the s application.

ADC Channel Available to Appl ication
0 Yes

Yes
No
No

Yes

Yes

Ol | WIN|PF

Only in
DUAL PYRO Mode

28-Pin Device . PB2 (ANA2) is reseved as the analog ADC input from tipgroeletric
sensarTherefore ANA2 is noavailable for user gpplications.Also, ANAS is notavail-
able since its tied directly to PB5/¥gr. PB5 will be configured as e output by the
PIR engineln DUAL PYRO Mode, ANA3 is usgfor a secondsensolinput rathe than
being tied toVrgr, and PB5 theefore becomg availableAll other channés areavailable
to the usenpplication.

ADC Channel Available to Appl ication
0 Yes

Yes
No
No

Yes

Yes

Yes

N O g~ W[N]

Yes

Peripherals
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Timers

There are two indepalentand identical 16-bitmultifunctiontimers available; bothimer
0 andTimer 1 are available to these application.

Timer O

8-Pin Device  TOgyT not available in DUAL PYRO Mode;
configured as ANAS3 to support a second
sensor input. All other external Timer O
functions are available for the user
application.

20-Pin Device All external Timer O functions are available
for the user application.

28-Pin Device All external Timer O functions are available
for the user application.

Timer 1

8-Pin Device  T1IN is configured as ANA2 to support the
signal input from the pyroelectric sensor
and is not available to the user application.
All other Timer 1 functions are available.

20-Pin Device All external Timer 1 functions are available
for the user application.

28-Pin Device All external Timer 1 functions are available
for the user application.

Watchdog T imer

No changes oilimitations are plaed on WO functions by Zilogs AR technologythe
WDT isavailable to the user application.

PS028511-0112 Peripherals
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Comparator

8-Pin Device The external pin that carries Co is configured as
ANAZ to support the signal input from the Pyroelectric
sensor. However, the Comparator is still able to
generate an interrupt internally without Cq .

20-Pin Device All external Comparator functions are available for
the user application.

28-Pin Device All external Comparator functions are available for
the user application.

UART

8-Pin Device CTSO is configured as ANA2 to support the signal
input from the Pyroelectric sensor. It is therefore not
available to the user application. The UART is still
able to function correctly without /CTS when CTSE in
the UOCTLO register set to 0.

20-Pin Device All external UART functions are available for the user
application.

28-Pin Device All external UART functions are available for the user
application.

Oscillator Control

All devices can be opatedwith theinternd 5.54MHz IPO. For aplications that require
more processing power or a more accutiate base, aexternal crystal oscillator or
ceranic reonatorcan be usd.

Whenusing the 8-pn device, exteral otillator support is limitedo SINGLEPYRO
Mode only since ANA3 (the ADC inpufor a second pyro sensas)multiplexedwith
XouT- The 20-and 28-pirdevices can beoperate with an external oscéitor n both SIN-
GLE and DUAL PYRO modes.

A Caution: Do not opeate at frequecies lower thanthe IPO frequency whilthe PIR
engine is enabled onotion deéction performance will be degraded.

No othe changes orflimitations are placed oosdllator controlfunctions by the PIR
engine.

PS028511-0112 Peripherals
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Flash Memory

Thecontrol registers amdatedwith Flashmemory are all availal®@ t theapplication.
Zilog's AR technology uses thalue progrenmedinto the FashFrequecy registers
(FFREQ) to detrmine its requiredampletiming. TheFlash Frequency High FREQH)
andFlash FequencyLow Byte (FFREQL) registers nat be pogrammedprior to initial-
izing thePIR engne. These ta registes combineo form a 16-bitvalue,FFREQ. This
value is al® used by thePIR engine tocalculate theequiredsample rate of the ADC and
other furctions. The 16bit value for FRREQ is tke System ClockFrequeny in KHz ard is
calculated usinge following equation.

FFREQ[15:0] = {FFREQH[7:0],FFREQL[7:0]} = (Syst em Clock
Frequen cy)/1000

Interrupt Controller

No changesor limitationsareplaced on the inteupt contrdier functions byZilog’'s PIR

technology

Temperature Sensor

Thetemperature sensas not testd or cdibrated (trim bitsare notavailablg. Therefore
this peripherkis not availdle on any of the Z8FS041evices.

Low-Power Operational Amplifier

The AMPINP signal is multiplexé with ANA2 whichis usedfor the pyro sensor input.
Thereforethis peaipheral is nd availableon any of theZ8FSQ40 devices.

Nonvolatile Dat a Storage

There is naledicated nonvolatile tstorage on the@S040 dewges.

Pin Availability

PS028511-0112
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Although most pis ontheZMOTION MCU Seresare availabldo the gplication, some
pins are dedicated to supping the PIR furctions. The fdbwing sectiondescribes which
pins are rexved andwhich are available to thapplication. Theinsused by Zilogs PIR
technology arautomatically configure@henthe engine isnitialized.

General-Purpose Input/Output

All of the General Purpos I/Os are availablexcept for those used for tR¢R cirauit. To
learn more, see the example apglmaschematics in Appendix A. Application Schemat-
icsonpag 43.

Pin Availability
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8-Pin Device

Pin 5 (ANA2) is reserved as the analog ADC input from the pyroelectric sensor. Any other
functions multiplexed with Pin 5 (PA3/CTSO0, Cot and T1IN) are not available for user
applications.

In DUAL PYRO Mode (the application uses 2 pyroelectric sensors), Pin 3 (ANA3) is used
as an analog ADC input for second sensor and is therefore not available for other
functions (TOgy1/Vrer/CLKIN).

20-Pin Device

Pin 2 (ANAZ2) is reserved as the analog ADC input from the pyroelectric sensor. In
SINGLE PYRO Mode, Pin 3 (ANA3) must be externally tied to Vgrgg on Pin 18 (PC2/
ANAG/LED/Vggg). PC2 will be configured as the Vggg output by the PIR engine when it is
enabled.

In DUAL PYRO Mode (which supports 2 pyroelectric sensors), Pin 3 (ANA3) is used for
the second sensor. In this mode, the Pin 18 VigE signal is not connected externally to
any other ADC inputs and is therefore available to the application (PC2/ANA6/LED/

VREF)-

28-Pin Device

Pin 1 (ANAZ2) is reserved as the analog ADC input from the pyroelectric sensor. In
SINGLE PYRO Mode, Pin 4 (ANA3) must be externally tied to Vrgg on Pin 3 (PB5/VRgg).
PB5 will be configured as Vrgg output by the PIR engine when it is enabled.

In DUAL PYRO Mode (which supports 2 pyroelectric sensors), Pin 4 (ANA3) is used for
second sensor. In this mode, the Pin 3 Vygg Signal is not connected externally to any
other ADC inputs and is therefore available to the application (PB5/VRrgg).

PS028511-0112

Downloaded fronDatasheet.su

Pin Availability



ZMOTION™ Detection a nd Control Fam ily
Product Specifica tion

LIXYS

Hardware Connection Requirements

This ction desgbes the requim externalhardvare canection for the ZMOTION MCU
Series.

Pins areautomatically configured to theirgaired function whetthe PIR engine is initial-
ized via the EPIRINIT macro.

SeeAppendix A. Applicaion Schematicen pagelt3for exanple schematic dg@ams
showing the required connections.

Thedevice ca be operaidin SINGLE PYRO Male to support ongyroelectric sensqror
DUAL PYRO Mode tosupport two pyroeletric sensors. Both of thesenodes en be
operged in NORMAL or LOW SCAN RATE mades

Depending on the applicatiotihere can be up t8 conrection requirements supporting
these mods:

Pyroelectric Sensor (PIR Sensor). The signal from the PIR sensorcmnnected diredly
to theANAZ2 input of the ADC. The ADC is cafiguredfor differertial, buffered made by
Zilog's PIR tebnology The seasor signal shold be connected dictly tothe ADC input
with noaddtional signal condioning circuity unless pedfied by the pyroeletic sensor
manufacturer

ADC Vggg. The onchip Vrgr is canfigured fa 1V nominal. The PIR $nsor sigral is
connectd to the “+” differentid input of theADC (ANA2), and theV rgr sigral is con-
nected to theé'—" differentid input (ANA3). The 8 pin déce hasan internd connection
from Vree to ANAS to sippat this confguratian therdore no external rdware connec-
tion isrequired. The D ard 28 pin devicesrequire anexternal connetion from theVgge
out signal to the ADC— (ANA3nput.

Pyroelectric Pas sive Infrared Sensor #2. In DUAL PYRO Mode, he ADCis still used
in differential, buffered mode (the sanas SINGLE PYRO Mode). Thagnal fomthe
seondPIR sensor isonnected toANA3. TheVggr signal is no longeconnectedo
ANA3 (=" ADC input). The fig PIR seasoris connected to the-” AD C input (ANA2)
as itis in SINGIE PYROMode.The Vyge signal is still used iernally forthe ADC, but
theexternal pin is unugd in DUAL PYROMode.

PS028511-0112 Hardware Connection Requirements
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Zilog’' s PIR Technology and API

PS028511-0112
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TheZMOTION MCU Seriess$based on the8F082AMCU, a member oZilog's Z8
Encore!XP product line, and includes thedadl functionality of anotion detection (PIR)
engne. The PIR egineis locakd in the upper 4KB area of tie 8KB device, leaing 4KB
of code spee tothe u®r applicéion. ThePIR ergine operates irthe tackgroundandis
contraled ard monitored viaan Application Rogrammer Iterface (API). The APl is a
series of reseved registers in memory

There are tweasections tahe API: SandardAPI Registers lad Advanced APRegistas.
Eachis desribed below.

Standard AP | registers. Theseregisteas includeal of the staus andcontrol functions
required by most applicatis. These include setigity control, motian detection/direc-
tion statusand operationemodes.

Advanced API registers. These regigrs provide additionaontrol over thePIR engne
operaion andallowsit to be configured tsupport the pyrdectric s@sor and lens being
used in e application.

PIR Engine Timer Tick

Bit 7 of PIR Satus/Contol Register 1 pvides a Isecowl time kase for tle PIR egine to
perform housekeepng operatons.This kit must ke set tol, orce per secad by the wser
applicdion. The bit is checkeahd clearedduring the EPIR_ADC_ISR ratine.

PIR Engine Entry Point s

There are tweentry points to the PIR engirtbat are acesed though twopredefined
Macros. Onas an initialization maro thatis used to start #nengine and thetheris exe-
cuted upon every ADC iatrupt. Both macrosave and initialize the Register Poinfezr
form a call to the AR engineentrypoint ard then restore the Resgér Pinter before
returning controto the appliation. Itis the responsillity of theapplication software to
execute thee maros at the approptiatime.

EPIR_INIT Macro. Thismacrois executed tonitialize the PIR engineafter reset. It imor
madly only exeaited once ant used in comjnctionwith the PIR Emgjine Enable register
in the standard API section. &pplication should itialize all APIregistersrite the
PIR Enable Patterito the PIR Engin&nableregider, and therexeatethis Macro. ADC
conversionsre started by this nezo.

EPIR_IN IT Macro:

PUSHX RP

LDX RP, #%EO
CALL %1FFD
POPX RP

Zilog's PIR Technology and API
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CPU Cycles: 261

Periphe rals Initialized:

ADC and GPIO depending on API selected options. ADC IRQ set for
medium priority.

EPIR_ADC_ISR Macro. This macro is exaited for each ADC conversion. Thapplica-
tion handés theADC interrupt and executekis macro. All motion detection processing
is performed by thisnacro.

EPIR_ADC_ISR Macro:

PUSHX RP

LDX RP, #%EO
CALL %1000
POPX RP

The CPU cyclesused by the EPIR_ADC_ISR macrovary depenihg on Engine state and
configuration.
PIR Engine CPU Stack Usage

The PIR enginesharegheprocessor $sack with theuser @plication. Thereare no speial
requirements on the placementhestad in memory butit is esgntid that theuser pro-
vide ermoughstadk spacefor bath theuse application ard the PIRengine

ThePIR engine requigea maximum 6 bytes of stia

Standard API Register Set

The Sandad API Regiger Set is a series of registers implemated in theZ8FS040 RAM
tha alows the usr code ta@onfigure andcommunicatevith the PIR engine. The default
valuesare loaled only when the PIR engimeenabld viathe PIR Enable Register

Table 5. PIR Engine S tandard API Registers

API Regist er Name Address  Mnemonic Description

PIR Engine Enable Register (ePIR_Enable) 100h ePIR_Enable Enable PIR Engine

PIR Sensitivity Reqister (ePIR_Sensitivity) 101h ePIR_Sensitivity Motion Sensitivity

PIR Status/Control Regqister 0 (ePIR_SC0) 102h ePIR_SCO Motion Status and Engine
Mode Control

PIR Status/Control Register 1 (ePIR_SC1) 103h ePIR_SC1 Engine Status and Control

PIR Status/Control Register 2 (ePIR_SC2) 104h ePIR_SC2 Range Control

PS028511-0112
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Table 5. PIR Engine Standard API Re gist ers (Continu ed)

PIR Status/Control Register 3 (ePIR_SC3) - 105h ePIR_SC3

28-Pin SSOP

ADC Scan Request

PIR ADC Result Value (ePIR_ADC_Result) 10Ah/10Bh ePIR_ADC_Result

ADC Scan Result

PIR Version (ePIR_Version)

10Ch ePIR_Version

PIR Engine Software
Version

Table 6. PIR Engine Enable Register (ePIR_Enable)

Bit 7 6 5 4 3 2 1 0
Field PIR Enable/Disab le Pattern

Control Read/Write

Addre ss 100H

PIR Enable/Disable Pattern (Bits 7-0)

PIR Enable/Disable Register; controlled by the application.

« The PIR Enable Register controls the overall operation of the PIR engine. As an added level of
protection, there are specific 8-bit enable and disable values; all other values are reserved. Reading this
register returns the last value written. Once enabled, the PIR engine reads the application controlled
Status/Control Register values and sets the engine controlled values to their default states.

« To enable the PIR engine, first write the ePIR_ENABLE_PATTERN to the PIR Enable Register, then
execute the EPIR_INIT macro. See Table 7.

Table 7. PIR Software Enable Patterns

Pattern

Name

Description

00h

ePIR_DISABLE_PATTERN

Disables all Engine functions, including motion detection.
Used to temporarily or permanently shut down the engine.

11h

ePIR_ENABLE_PATTERN

Enables the PIR engine. All primary engine functions as
configured in Engine Status/Control Registers are enabled.
Confirmation of enabled status is provided through Engine
Disabled bit in Status/Control Register 0.

PS028511-0112
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Table 8. PIR Sensit ivity Regist er (ePIR_Sensitivity )
Bit 6 5 4 3 2 1 0
Field Sensitivity
Default U U U U U U U
Control Read/Write
Addre ss 101H

Sensitivity (Bits 7-0)

PIR Sensitivity Setting; controlled by the application.

» The PIR Sensitivity Register is used to adjust the sensitivity of the PIR engine to target motion. Lower
values produce higher sensitivity to motion with 00h being the most sensitive and FFh being the least
sensitive. The user application should load this register with the appropriate value to provide the

appropriate sensitivity.

Notes:

1. The setting of this register also affects the range of detection. Lower values increase range and higher values

decrease range.

2. Depending on the lens and pyroelectric sensor used, values above 3Fh may result in very limited detection.

PS028511-0112
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Table 9. PIR Status/Cont rol Register 0 (ePIR_SCO0)
Bit 7 6 5 4 3 2 1 0
Field Extended Detection | Engine MD Motion Motion Motion [PIR Stable
Disabled | Suspend | Direction | Direction | Detected
Control
Control RIW R R/W R/W R R/W R
Addre ss 102H

Extended Detection Level (Bits 7-6)

Sets the sensitivity level of the extended detector; controlled by the application.

These 2 bits enhance the motion detection algorithms to detect slower, faster and/or more subtle
motion. The Extended Detection level is selected to provide a balance between additional sensitivity
while maintaining stability (no false detections). In certain applications such as lighting control the
Extended Detection level can be increased after normal motion has been detected. Extended
detection is dependent on the lens pattern used. Smaller lens beams tend to provide more subtle
motion detection.

The Extended Detection level effects user control over the range provided in ePIR_SC2. As the
Extended Detection level is increased, the Range setting becomes less effective.

00 = Extended Detection Level 0 — Minimum (least sensitive).
01 = Extended Detection Level 1.

10 = Extended Detection Level 2.

11 = Extended Detection Level 3 — High (most sensitive).

Engine Disab led (Bit 5)

PIR Engine Disable/Suspend Acknowledged; controlled by the PIR engine.

This bit indicates the operational status of and is controlled by the PIR engine. When the engine is
initialized and enabled by loading the PIR Enable Register with the ePIR_ENABLE_PATTERN value,
this bit is cleared to indicate that the Engine is ready. When the Engine is disabled by loading the PIR
Enable Register with the ePIR_DISABLE_PATTERN, it will respond by setting this bit to 1 and
perform no further operations until reenabled. In order for the Engine to detect that it has been
disabled, the user must allow the Engine ADC interrupt to run at least once after loading the PIR
Enable Register with the ePIR_DISABLE_PATTERN.

0 = Engine is enabled and operational.
1 = Engine is disabled and not operational.

PS028511-0112 Standard API Register Set
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MD Suspend (Bit 4)

Motion Detection Suspend; controlled by the application.

« Temporarily suspends the PIR engine from running. This puts it in a very low processing overhead
state and can be used when the application requires significant CPU processing power. While
suspended, motion detection is disabled, however to ensure fast recovery from this mode, ADC
interrupts still occur and samples continue to be buffered. When the application clears this bit,
SUSPEND Mode is exited upon the next ADC interrupt.

0 = Normal Motion Detection.

1 = Suspended Moation Detection.

Motion Direction Control (Bit 3)

Motion Direction Control Enable; controlled by the application.

 This bit enables directional motion detection. The relative direction of the detected motion is indicated
in bit 2 (Motion Direction) of this same register. When configured as a directional detector (bit 3 set
to 1), direction is indicated in bit 2 as positive or negative relative to the PIR sensor.

0 = Standard Motion Detection Mode. Motion detected in any direction. Motion Direction status bit
(Bit 2) is not valid.

1 = Directional Motion Detection Mode. Motion is detected in any direction; relative direction is
indicated via Motion Direction status bit (Bit 2).

» The directional polarity of PIR sensors is arbitrary at the time of manufacturing. Therefore it is
necessary for the user application to calibrate to each individual PIR sensor using a controlled target
(i.e. moving in a known direction) and internally record the polarity to identify which polarity represents
that direction.

Motion Direction (Bit 2)
Relative Direction of Last Motion Detected; controlled by the PIR engine.

When directional motion detection is enabled, this bit indicates the relative direction of the last motion
detected. When the PIR engine sets the Motion Detected bit in PIR Status Register 0, this bit is set or
cleared to indicate the direction of the motion. The status is latched until the user application clears the
Motion Detected bit.

0 = Last detected motion was negative.
1 = Last detected motion was positive.
This status bit is undefined when Motion Direction Control is disabled.

Motion Detected (Bit 1)
Motion Detected on PIR Sensor
Set by the PIR engine; cleared by the application.

This bit indicates that the Engine has detected a motion event. The user application should routinely
check this bit to determine if motion has been detected. This bit is set by the Engine and must be
cleared by the user application.

0 = No motion detected by the Engine.
1 = Motion has been detected by the Engine.

PS028511-0112 Standard API Register Set
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PIR Stable (Bit 0)
Passive Infrared (PIR) sensor signal stabilized bit; controlled by the PIR engine.

After periods of nonuse, the PIR sensor will take some time to stabilize before it can be used reliably.
The amount of time is dependant on the PIR Sensor being used and environmental conditions and can
range from a few seconds up to a minute. To relieve the application software from having to assume
the worst case stabilization time, the PIR engine automatically monitors the DC offset of the PIR sensor
and sets this bit when it determines that it has become stable. This bit indicates that the PIR sensor has
stabilized after one of the following conditions:
 After initial power on (cold start).
» After reenabling the Engine via PIR Enable Register.
 After returning from SLEEP Mode.

0 = PIR sensor signal is not stable, motion detected events are not valid.

1 = PIR sensor signal is stable, motion detected events are valid.

Table 10. PIR Status/Control Register 1 (ePIR_SC1)

Bit 7 6 5 4 3 2 1 0
Field Engine Frequency Response PIR Scan | Reserved | Dual Pyro

Timer Tick Rate Enable
Control R/W Read/Write R/W 0 R/W
Addre ss 103H

Engine T imer Tick (Bit 7)

PIR One Second Timer Tick

Set by the application; cleared by the PIR engine.

« This bit must be set to 1 one time per second by the user application to provide the engine with a one-
second tick to perform housekeeping operations relating to motion detection. The engine will routinely
poll this bit to obtain a one-second tick. This bit is cleared by the engine.

0 = Cleared by the PIR engine.
1 = A one-second interval has occurred.

PS028511-0112 Standard API Register Set
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Frequency Res pons e (Bits 6—3)

Frequency Response of PIR engine; controlled by Application
Range: 0h—Ch

This value determines the frequency response of the motion detection system. Higher values allow
lower frequencies to be accepted by the PIR engine. Lower values cause the Engine to ignore targets
that generate lower frequencies. These targets typically include horizontally oriented objects such as
pets.

The frequency of the signal that is presented to the PIR engine is largely dependent on the structure
of the PIR lens being used (number and dispersion of beams). A lens with several evenly distributed
beams provides better frequency response performance than a lens with an uneven beam
distribution.

Note: Lower programmed values also have the effect of reducing the relative range of detection.

PIR Scan Rate (Bit 2)

PIR ADC conversion rate for the Pyroelectric Sensor; controlled by the application.

The PIR engine performs the necessary ADC conversions on the PIR sensor input. Each conversion
generates an interrupt that is processed by the PIR engine from the EPIR_ADC_ISR macro. The PIR
Scan Rate bit determines the rate at which the ADC conversions are generated.

In NORMAL SCAN RATE Mode (PIR Scan Rate set to 0), the Z8FS040 ADC peripheral is set to
CONTINUOUS CONVERSION Mode, which causes a conversion to be carried out automatically
every 256 system clocks. In this mode, the application is only required to execute the EPIR_ADC_ISR
macro for each ADC interrupt. The ADC continually runs and continuously generates interrupts.

When LOW SCAN RATE Mode is selected by setting this bit to a 1, CONTINUOUS CONVERSION
Mode is disabled and the ADC is operated in SINGLE-SHOT Mode such that each conversion takes
5129 system clocks to complete. In this mode, the application software must initiate the ADC

conversion request (set bit 7 of ADCCTLO) and execute the EPIR_ADC_ISR macro once every 5mS.

In LOW SCAN RATE Mode, the ADC is disabled between conversions to reduce power consumption.
Power consumption can be reduced further if the application software uses this mode in conjunction
with the CPU’s Halt or Stop modes. Alternately, this mode can be used to provide the application
software with additional CPU processing time.
Although the LOW SCAN RATE Mode provides the application with more processing power and the
opportunity for the system to reduce power consumption, the normal scan rate will provide better
sensitivity and range. While operating in LOW SCAN RATE Mode, sensitivity is reduced by
approximately 20%. The performance of Direction Detection may also be reduced in this mode. EMC
immunity is disabled while in LOW SCAN RATE Mode.
If the PIR Scan Rate bit is changed during engine operation, the engine will stop detecting motion for
up to 200mS to avoid potential false motion detection. When changing the PIR SCAN RATE Mode,
the Advanced API registers must first be updated with the appropriate values.

0 = NORMAL SCAN RATE Mode

1 =LOW SCAN RATE Mode

PS028511-0112 Standard API Register Set
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Reserved (Bit 1)

DUAL PYRO Mode (Bit 0)

Dual Pyroelectric Sensor Signaling Mode; controlled by the application.
« This bit determines if the PIR engine should accept signals from one or two pyroelectric sensors.

* When configured for single pyro operation, only one sensor is used (connected to ANA2). When
configured for dual pyro operation, the engine will scan two sensors simultaneously. DUAL PYRO
Mode is typically used to provide a larger area of coverage. The second pyroelectric sensor is
connected to input ANA3. In DUAL PYRO Mode, motion on either sensor will generate a motion
detected event.

0 = SINGLE PYROELECTRIC SENSOR Mode.
1 = DUAL PYROELECTRIC SENSOR Mode.

Table 11. PIR Status/Control Register 2 (ePIR_SC2)

Bit 7 6 5 4 3 2 1 0
Field Reserved Range Control
Control 0 Read/Write

Addre ss 104H

Range Control (Bits 2-0)

Motion Detection Range Control; controlled by the application.

» These bits determine the relative range of motion detection. Larger values decrease the range of
detection.

« Typical values used for Range are dependant on the lens and pyroelectric sensor being used. Range is
also dependent on target size, speed, and relative temperature. For example, a range control setting
that rejects one target of a particular size at a given distance does not guarantee that a larger target will
be rejected at the same distance.

Table 12. PIR Status/Control Register 3 (ePIR_SC3), 28-Pin SSOP

Bit 7 6 5 4 3 2 1 0
Field ANA7 ANAG ANAS ANA4 | Reserved | Reserved | ANA1 ANAO
Scan Scan Scan Scan Scan Scan
Request | Request | Request | Request Request | Request
Control R/W R/W R/W R/W 0 0 R/W R/W
Addre ss 105H

PS028511-0112
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Bit 7 6 5 4 3 2 1 0
Field Reserved | ANAG6 ANAS5 ANA4 | Reserved | Reserved | ANA1 ANAO
Scan Scan Scan Scan Scan
Request | Request | Request Request | Request
Reserved
inSINGLE
PYRO
Mode
Addre ss 105H
Table 14. PIR Status/Control Regist er 3 (ePIR_SC3), 8-Pin SOIC
Bit 7 6 5 4 3 2 1 0
Field Reserved | Reserved | Reserved | Reserved ANA3 Reserved ANA1 ANAO
Scan Scan Scan
Request Request | Request
Control 0 0 0 0 R/W 0 R/W R/W
Reserved
in
DUAL
PYRO
Mode
Addre ss 105H

PS028511-0112
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ANAX Scan R equest

Analog Chan nel 0, 1, 3—7 Scan Requested Bits
Set by the application; cleared by the PIR engine.

These bits allow the user application to request the Engine to perform an A/D conversion on the
unreserved analog inputs. When requested, the Engine will reconfigure the appropriate I/O pin to a single-
ended, unbuffered input using a 2-volt reference. It will then take the next sample and store it in the PIR
ADC Result Value Registers and clear all ANAXx Scan Request bits. The I/O configuration for the ANAx
pin is not returned to its previous configuration by the Engine. If required, the user application must
perform this task.

If multiple request bits are set simultaneously, the Engine will only scan the lowest numbered ADC
channel requested and ignore any other requests. The user application should set one request bit then
poll it to determine when the conversion is complete and the data is ready.

When ADC Scan requests are being serviced by the PIR engine, ADC conversions on the PIR sensor are
suspended. Therefore the user application should be careful not to continuously request ADC Scans. The
Process Rate Register in the Advanced PIR Engine section can be monitored to ensure the Engine is
receiving enough time to perform its required PIR Sensor ADC scans.

0 = No conversion requested/last conversion completed.
1 = Perform a conversion on this channel.

PS028511-0112 Standard API Register Set
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Table 15. PIR ADC Result Value (ePIR_ADC_Result)
Bit 15 (14 |13 |12 |11 |10 | 9 8 7 6 5 4 3 2 1 0
Field ADC Result Value
Control Read
Addre ss 10AH 10BH

PIR ADC Result Value (Bits 15-0)

ADC Scan Request Result Value

Controlled by PIR engine

The PIR ADC Result Value contains the result of the last application requested ADC conversion.

The data format is identical to that discussed in the Z8 Encore XP Product Specification (PS0228) for
registers ADCD_H and ADCD _L.

Example for requesting an ANAO Conversion:

* Set bit 0 (ANAO Scan Request) in PIR Status/Control Register 3 (ePIR_SC3).

* Wait until the ANAO Scan Request bit is cleared by the Engine.

* Read the ADC conversion result from the PIR ADC Result Value register

Note: Even though the ADC Result Value is a 16 bit register, atomic operations are not required since the value is only
updated at the request of the application.

Table 16. PIR Version (ePIR_Version)

Bit 7 6 5 4 3 2 1 0
Field Version

Control Read

Addre ss 10CH

Version (Bit s 7-0)
PIR engine software version; controlled by the PIR engine.
« The value stored in this register indicates the software version of the PIR engine.

Value PIR Engine Software Version
03h 2.00
PS028511-0112 Standard API Register Set
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Theregisterdisted inTable 17 ae availabldor advanced cafiguration of the PIRengne.
They include customizations formsand pyroelectric sensoronfigurations. Thee regis-
ters, each described inigtsectionare not initialized by the PIR engine.

Table 17. PIR Engine Advanced Regist ers

Product Specifica tion

AnIXYS Company

API Adva nced Register Name

Address Mnemonic

Description

PIR Advanced Status/Control Reqgister 0  FOh ePIR_ASCO EM noise and MD

(ePIR_ASCOQ) origin status

PIR Advanced Status/Control Register 2 F2h ePIR_ASC2 Window Size, Lock

(ePIR_ASC2) Level, and Window
Update Rate

PIR Process Rate (ePIR_Process Rate) F3h/F4h ePIR_Process_Rate Relative Processing
available to PIR engine

PIR Sample Size Register F5h ePIR_Sample_Size Controls amount of

(ePIR_Sample_Size) sensor signal
averaging

PIR Debounce Time Reqister F6h ePIR_Debounce_Time Controls time to

(ePIR_Debounce) Debounce motion
signal

PIR Debounce Batch Size Register F7h ePIR_Debounce_Batch  Controls out of window

(ePIR_Debounce_Batch) samples required for
Debounce

PIR Transient Sensitivity Level F8h ePIR_Transient_Sense  Sets PIR engine
sensitivity to transient
detection

PIR Noise Sensitivity Level F9h ePIR_Noise_Sense Sets PIR engine

sensitivity to noise
detection

PIR Signal

FAh/FBh ePIR_Signal

Current Pyro Sensor
signal sample

PIR Pyro DC Signal Level

FCh/FDh ePIR_Signal_DC

Current calculated Pyro
Sensor DC offset

PS028511-0112
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Table 18. PIR Advanced Status/Control Register 0 (ePIR_ASC 0)

Bit 7 6 5 4 3 2 1 0

Reserved | Reserved | Reserved | Buffer New MD Origin | EM Noise EM

Refresh | Sample Detected | Transient

Field Detected
Control 0 0 0 R/W R/W R R/W R/W
Addre ss FOH

Reserved (Bits 7-5)

Buff er Refresh (Bit 4)
Uses a fast-fill algorithm to quickly refill the motion detection buffers; controlled by the application.

This bit is used to restart motion detection by quickly reinitializing and refilling the motion detection
constructed sample buffers. This method can be used to restore motion detection after waking up from
SLEEP Mode, or it can be used to help ignore external events that may cause false detections.

Waking up from SLEEP Mode:

If this bit is set when the EPIR_INIT macro is executed the Engine refills the constructed sample
buffers with a fast fill algorithm that allows it to quickly restore motion detection. Typically, a simple
external wake-up circuit would be implemented that provides an unqualified motion detection signal to
wake up the MCU from SLEEP Mode (SMR). Upon SMR, the application would set the Buffer Refresh
bit, execute EPIR_INIT, and then continue with normal motion detection functions for some period of
time before returning to SLEEP Mode. By setting this bit prior to EPIR_INIT, the Engine buffers are
filled much faster enabling it to analyze the original signal seen by the external wake-up circuit and
determine if it is actual motion.

Ignoring False Detection Even ts:

If the MCU is used to control external components (LED’s, relays, lights, triacs, etc.), a fluctuation on
the power supply can be created as the external device is turned on or off. The Buffer Refresh bit can
be used to ignore any false detection that could be created by these fluctuations. When the external
device is turned on or off, the application can set the Buffer Refresh bit to effectively reset the motion
detection history and therefore ignore any effect from the external device.

New Sample (B it 3)
New sample available from PIR Signal High/Low Register.

Set by the PIR engine, cleared by the application.

« This bit indicates that the PIR engine has a new sensor signal input sample available that may be
read by the application. This status is available as an advanced feature as the application is not
normally required to read the sampled PIR sensor signal. The application must clear this bit when the
sample has been read.

PS028511-0112 Advanced API Register Set
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MD Origin (Bit 2)
Origin of last motion detection event; controlled by the PIR engine.

This bit indicates how the PIR engine detected the last Motion Detected Event. When the engine sets
the Motion Detected bit in PIRStatus0, it also sets this bit according to which detection engine
registered the event.

0 = Normal Motion Detector.

1 = Extended Motion Detector.

EM Noise Detected (Bit 1)
EM Noise Detected on PIR Signal

Set by the PIR engine; cleared by the application.

« This bitindicates if the engine has detected noise on the PIR signal. This event is provided to the user
application to indicate that an EM noise event has occurred and associated motion event(s) may have
been suppressed by the engine. This bit does not have to be read for normal operation and is
provided as status only. The application must clear this bit after it has been read.

EM Transien t Detected (Bit0)
EM Transient Detected on PIR Signal

Set by the PIR engine; cleared by the application.

« This bit indicates if the Engine has detected a transient on the PIR signal. This event is provided to
the user application to indicate that an EM transient event has occurred and associated motion
event(s) may have been suppressed by the engine. This bit does not have to be read for normal
operation and is provided as status only. The application must clear this bit after it has been read.

Table 19. PIR Advanced Status/Control Register 2 (ePIR_ASC 2)

Bit 7 6 5 4 3 2 1 0
Field Lock level Window Size Window Update Rate
Control R/W R/W R/W

Addre ss F2H

Lock Level (Bits 7-5)

Controlled by the application.

This parameter sets the minimum slope change in the signal that can be considered valid motion. This

prevents small signal changes caused by environmental or V¢ shifts from causing a false detection.

Use this value in combination with PIR Sensitivity and Range Control settings to balance sensitivity and

stability to the particular lens and pyroelectric sensor being used.

« Smaller values allow subtle signals with lower slopes to be considered motion events at the expense
of potential false motion events.

» Larger values allow the system to ignore smaller signal slope changes at the expense of potentially
missing smaller motion events.

PS028511-0112 Advanced API Register Set
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Window Size (Bit s 4-3)

Controlled by the application.

This register determines the size of the control limit window. A larger window size produces more
stable control limits at the cost of additional CPU usage. If a smaller window size is used, the more
frequently the window can be calculated which allows it to track the signal better.

00 = Reserved

01 = Small window
02 = Medium window
03 = Large window

Window Up date Rate (Bits 2-0)

Controlled by the application.

This register determines how frequently the control limits are calculated. It is measured in PIR samples.
A smaller number produces more frequent calculations which allow the control limits to track the signal
better, at the cost of increased CPU usage. The valid range is 0 to 7.

e The window is updated every 4 + (Window Update Rate * 2) PIR samples.

Table 20. PIR Process Rate (ePIR_Process_Rate)

Bit 15 | 14 | 13 | 12 | 11 | 10 9 8 7 6 5 4 3 2 1 0
Field PIR Process Rate

Control Read

Addre ss F3H F4H

PIR Process Rate (Bits 7-0)

Controlled by PIR engine

The PIR Process Rate Indicator is provided by the Engine to determine if the user application process
and interrupts overhead is impacting the performance of the Engine. If the Engine process rate drops
significantly, its ability to detect motion can be significantly reduced. This value is typically used at the
application development stage. This number gives an indication of how much CPU time the Engine is
receiving. Higher numbers are better. Generally, if the process rate drops below 0080h, the ability to
detect motion could be compromised.

Note: The 16-bit value provided by these two 8-bit registers must be read as an atomic operation by the application.

This can be ensured by either using the CPU’s ATM instruction or by disabling interrupts while reading the two
8 bit registers.

PS028511-0112 Advanced API Register Set
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Table 21. PIR Sample Size Regist er (ePIR_Sample_Size)
Bit 6 5 4 3 2 1 0
Field PIR Sample Size
Control Read/Write
Addre ss F5H

PIR Sample Size (Bits 7-0)

Controlled by the application.

This register controls the amount of averaging that the engine performs on the incoming PIR signal
ADC samples. More averaging improves signal noise immunity at the cost of a slower sample rate.

Table 22. PIR Debounc e Time Regist er (ePIR_Debounc e)

Bit 6 5 4 3 2 1 0
Field PIR Debounce Time

Control Read/Write

Addre ss F6H

PIR Deboun ce Time (Bits 7-0)

Controlled by the application.

« This register controls the amount of time that the engine will wait to fully debounce a motion signal.
Longer times result in detection of subtle motion at the cost of more potential false motion detections.

Valid range is from 01h to FFh.

» Using a value less than the value in the PIR Sensitivity Register will result in no motion detection.

PS028511-0112

Downloaded fronDatasheet.su

Advanced API Register Set



ZMOTION™ Detection a nd Control Fam ily
Product Specifica tion

EIXYS 36
Table 23. PIR Debounc e Batch Size Regist er (ePIR_Debounce_Batch)
Bit 7 6 5 4 3 2 1 0
Field PIR Debounce Batch Size
Control Read/Write
Addre ss F7H

Debounce Batch Size (Bits 7-0)

Controlled by the application.

This register determines the number of consecutive out-of-window samples required to consider the
sequence a valid debounce count. The field works as a mask. Increasing the mask size (i.e. more bits
set to 1) will increase the noise immunity of the engine but result in lower sensitivity to subtle motion
signals.

Valid values are 01h, 03h, 07h, OFh, 1Fh, 3Fh, 7Fh, and FFh.

Table 24. PIR Transie nt Sens itivity Level (ePIR_Transient_Sense)

Bit 7 6 5 4 3 2 1 0
Field Reserved PIR Transient Sensitivity

Control 0 Read/Write

Addre ss F8H

Reserved (Bit 7)
Transient Sensitivity (Bits 6-0)

Controlled by the application.

This register determines how sensitive the transient detection part of the engine is to sudden changes
in the PIR signal. A lower number makes the engine more sensitive, at the cost of potential rejection of
large signal motion (ex. warm target very close to detector).

The valid range is 0 (disabled) to 64h.

PS028511-0112 Advanced API Register Set
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Table 25. PIR Nois e Sensitivity Level (ePIR_Noise_Sense)
Bit 7 6 5 4 3 2 1 0
Field Reserved PIR Noise Sensitivity
Control 0 Read/Write
Addre ss FOH

Reserved (Bit 7)

Noise Sens itivity (Bits 6-0)
Controlled by the application.
This register determines how sensitive the noise detection part of the engine is to random noise in the
PIR signal. A lower number makes the noise detector more sensitive, at the cost of potential rejection
of small-signal motion (for example, a small delta between ambient and target temperature or distant

target). The valid range is 0 (disabled) to a maximum value determined by the Window Size selected in
the PIR Advanced Status/Control Register 2. See Table 26.

Table 26. Nois e Sensitivity as determined by Window Size

Window Size Max PIR Noise Sens itivity V alue  Typical Value

Small 0Ch 08h
Medium 1Dh 12h
Large 46h 2D
PS028511-0112 Advanced API Register Set
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Table 27. PIR Signal (ePIR_Signal)
Bit 15|14 |13 |12 |11 | 10| 9 8 7 6 5 4 3 2 1 0
Field PIR Signal
Control Read
Addre ss FAH FBH

PIR Signal (Bits 15-0)
Controlled by PIR engine

These registers contain the last PIR signal obtained by the engine. Each time the engine generates a
new PIR signal sample it will place it in these registers and set the New Sample bit in the PIR
Advanced Status/Control 0 Register. This gives the application direct visibility to the PIR generated
signal for debugging purposes.

Note: The 16 bit value provided by these two 8 bit registers must be read as an atomic operation by the application.

This can be ensured by either using the CPU’s ATM instruction or by disabling interrupts while reading the two
8 bit registers.

Table 28. PIR DC Signal Level (ePIR_Signal_DC)

Bit 1514 |13|12|12|10| 9| 8|7 |6|5|4|3|2]|1]0
Field PIR Signal DC

Control Read

Addre ss FCH FDH

PIR Signal DC Level (Bits 15-0)
Controlled by PIR engine

These registers contain the last PIR signal DC Level calculated by the engine. Each time the engine
generates new control limits it will place the DC component level in these registers.

Note: The 16 bit value provided by these two 8 bit registers must be read as an atomic operation by the application.
This can be ensured by either using the CPU’s ATM instruction or by disabling interrupts while reading the two
8 bit registers.

PS028511-0112 Advanced API Register Set
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Packaging
Zilog’'s ZMOTION Detection and Control Faim takesadvaitage of the Z8FS040 MCU,
which is available in the following packages:
® 8-pin SmallOutlineIntegrated Circuit Package (SOIC)
® 20-pin Small Shrink Outline Package (SSOP)
® 28-pin Small Shrink Outline Package (SSOP)

Current diagrams foeach of thee packages are publisheditog’s Packaging Product
Specification (PS0072yhich isavailablefree for davnload from the Zilog website.

Ordering Information

TheZMOTION Detection and Control S&scomprises a numbef product combina
tions thatinclude the ZMOTON MCU plusa number of skectable lens and pyrbectric
sensoioptions.Constret your pat number based on thepecificcombination oMCU,
lenses an®IR sa&sors youvish to orde.

Each charactén the Zilog pat numbeing schemacorrespnds toadesigratedpart attri-
bute. To aid indeterminirg the appropriate part(s) tamrder, Table 29 breals down a typical
ZMOTION product number (asdifferentiatedrom an MCU prt number) by character
position to include thepecifc ZMOTION product, is package, and any lens and pyro
optionsyou cloose. Eaclof thesecharacter pesitions is further descriled in Tables 30

through 34
Table 29. Part Number Designations
Position 1 2 3 4 5 6 7 8 9 10 11 12 13
. MCU
Field Z M O T MCU Package Lens PIR G
Selectable Options
Table 30. Positions 1-4
ZMOT The ZMOTION Product Family.
PS028511-0112 Packaging
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Table 31. Positions 5-8: MCU and MCU Package Selector*

PIR Software MCU Field** MCU Package

MCU Part Number Description Revision (Pos 5, 6) Field (Pos 7, 8)
Z8FS040xSB20EG Occupancy, 8 pin SOIC 2.00 0B SB
Z8FS040xHH20EG Occupancy, 20 pin SSOP 2.00 0B HH
Z8FS040xHJ20EG Occupancy, 28 pin SSOP 2.00 0B HJ

Note: *To purchase the ZMOTION MCU alone, select the appropriate ZMOTION MCU part number from the first
column of this table.
**The second character in the MCU field refers to the PIR software engine revision.

Table 32. Position s 9-12: Lens and PIR Sens or Select or

Lens Field PIR Field
Manufacturer Part Number Description (Pos 9,10) PIR Sensor*  (Pos 11, 12)
Fresnel AA09GIT1 Animal Alley Array 0A RE200B-P 0A
Technologies (88) SDA02-54-P OB
Fresnel CM 0.77 GI V3  Ceiling Mount Array 0B RE200B-P 0A
Technologies (3607) SBDI46-504AA oc
Fresnel CM0.77 GIV5  Ceiling Mount Array oC RE200B-P 0A
Technologies (360°) SBDI46-504AA oc
Fresnel CWM0.5GIV1l Ceiling/Wall Mount 0D RE200B-P 0A
Technologies Array (360°) SBDI46-504AA 0C
Nicera NCL-9(26) Clip-on 15mm Array 1A RE200B-P 0A
(360°) SBDI46-504AA 0C
NCL-10IL 10mm wall mount array 1B RE200B-P O0A
(70)
NCL-3B 10mm wall mount array 1C RE200B-P 0A
(40)
NCL-3R 10mm ceiling/wall array 1D RE200B-P 0A
(360°) SBDI46-504AA oC
NCL-10S 10mm ceiling/wall array 1E RE200B-P 0A
(18)

Note: See Table 34 for an additional description of these PIR sensors.

Table 33. Position 13

G  RoHS-compliant.

PS028511-0112 Ordering Information
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Table 34. PIR Sensor Information

Manufacturer Part Numb er Description

Nicera RE200B-P Basic Dual Element
Nicera SDA02-54-P Premium Dual Element
Nicera SBDI46-504AA  Quad Element

Refer totheZMOTION Lens andP’yroelectric Sermg Product Sgecification(PS®86) for
detailed descriptins about the lens and pglectricsensorsisedin the dove ZMOTION
products.

Ordering Example

The figure héps determine tre part for an examge 8pin SOIC ZMOTION prodict burdled
with an88° Fresnellechndogies Arimal Alley Array Lensand aNicera Prenium Dual
ElementPIR Sensnp the resuting ZMOTION product nunber s ZMOTOBSBA 0BG

pos#: | 1 2] 3]als]e]7]s]olow]lule]|s

) IC
Fidd z M (6] T IC PKG Lens PIR G

Example VA M | O T 0 B S BJ]O|A 0 B G

L RoHS

PIR Sensor (SDA02-54-P)

Lens(AA 0.9 Gl T1)

IC Package (8 Pin, SOIC)

IC (Occupancy, S/W Version 2.00)
ZMotion Product Family

To learnmare abot orderingthe ZMOTION that's right for yourapplication require-
ments, pleaseonslt your loal Zilog Sales dice. TheZilog Worldwide Sales Locations
pageonzilog.com lists alregionalofficesand can connect you talditional product
information.

PS028511-0112 Ordering Information
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Related Document s

Additional informationcan be found in the following doguents, ava#ble fromtheZilog
website atvww.zilog.com

Document
Number Description

ANO0301 Power Management and Customer Sensing with Zilog's ZMOTION Detection Module
Application Note

ANO0307 ZMOTION Detection Module Application Walkthrough Application Note
ANO0309 High Brightness LED Reference Design Application Note

PB0223 ZMOTION Detection Module Product Brief

PB0225 ZMOTION Detection and Control Product Brief

PS0228 Z8 Encore! XPF082A Series Product Specification

PS0284 ZMOTION Detection Module Product Specification

PS0286 ZMOTION Lens and Pyroelectric Sensor Product Specification
QS0073 ZMOTION Detection Module Evaluation Kit Quick Start Guide
QS0076 ZMOTION Detection and Control Development Kit Quick Start Guide
UMo0223 ZMOTION Detection Module Evaluation Kit User Manual

UMO0230 ZMOTION Detection and Control Development Kit User Manual
WP0017 A New PIR Motion Detection Architecture White Paper

WPO0018 ZMOTION Detection Lens and Pyro Sensor Configuration Guide

PS028511-0112 Related Documents
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Appendix A. Application Schematics

TheZMOTION Detection ard Cantrol MCU is awailabe in8-pin, 20pin and28-pin parts
and canfigurable with dual ard guad pyro sensa ard lers canbinations.

8-Pin Z8FS040xSB20EG MCU

Figure 10 shows an example circuit fortgpaumberZ8F040xSB20EG, an8-pn ZMO-
TION Detedion and Control MCUTheinterfaceto the pyrokectric sensois via the dé-
icated input ANA2 (pin 5). ThetatusLED is driven by pir6 which is normally
configuraed as a GPIO by the applittan to control thestate of the LEDPIn 2 is usé as
the debugnput to the chip, but can be used dther functionss reqired. Pin 4 is set up
for theReset function, buhayalso beusedfor other functions as trepplication requires
Pull-up resitors (10K) argorovided on tk Debug and Ressignals as requikfor the
Debuy interface. Tle signals a pins 3and7 can be used as requitelhe powe supply
design is lefta theapplication requirements.

In DUAL PYRO Mode the seond Pyrokectric €nsor is onnected to Pin 3 (AM3). All
other connectionseemain the sme

PS028511-0112 Application Schematics
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Figure 7. Require d Circ uit Connections for the Z8FS040xSB20EG(8-Pin) Motion Det ection MCU

20-Pin Z8FS040xHH20EG

The 20pin Z8FD40xHH20EG part offersboth dual ard quad pyroelectric sensors; each
of these modes is described in this appendix.

Single Pyroelectric Sensors

Figurell showsan exampleircuit for the20 pin device ofthe ZMOTION Detectia ard
ControlMCU Family with asingle Byro Electic sensarThe interfacdo thepyroelectric
sensoiis via thededicate input ANA2 (pin 2). Vrer (pin 18) mustbe externally tiecto
ANAS (pin 3). The stas LED is driverby pin 19 (PC3/G@ 1) which is normally config-
ured as aGPIO by the applicion to controlthe sate of theLED. This pin provides a pre
grammableconstant currat sink specificlly for LED drive withoutusing an external
resistorPin 15is dedicated as the Dedppin and is connected o pin 4 of the Debyg
HeaderPin 14 is set up for éhResefunction, but mayalsobe sedasPDO (gereralpur-
pose 1/0) ashe applicationequires. Pull-ugesisbrs (1K) areprovidedonthe Debg

PS028511-0112 20-Pin Z8FS040xHH20EG
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and Rest signals asequiredfor the Déoug interfaceAll other signé&s may beused as
requred. The paver swpply design is left to the appliation requirements.

VDD (33V)

Debug Header

VDD (33V) o~
-~
Status LED
L ipB1/ANAL PBO/ANAO |22
2 ImAz2 pcaicouT |12
3 a3 PC 2/ANAG LLED N e |20
4 1vop PC YANASICINN |27
5 - 16
—— PAO/TOIN/T 0OU T/XIN PCO/ANA4CINP | —
6 15
—| PALIT0OUT XO UT DBG
7 vss RESET/PDO |24
£ pa2pE0 PA7 10 UT 22
9 N —_— 12
——|PA3CTS0 PAG/TLIN/TI0 UT
D | pasairx00 PA5TXDO |11
Z8FS040xHHO20EG

Figure 8. Require d Circu it Connections for the Z8FS040xHH20EG

(20-Pin) Motion Det ection MCU in SINGL E PYRO Mode

Dual Pyroelectric Sensors

PS028511-0112
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In DUAL PYROMode, the second pyrdectric sensor is connected to ANAJhe signal
from Vree to ANAS is not requied. All other canections rmain the sae asSINGLE
PYRO Mode. See Figure 12.

20-Pin Z8FS040xHH20EG
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VDD (.3V)
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Sensor 1

VDD (33V)
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/

>
Ll

Status LED

PBVANA1

ANA2

mm‘»—-

4K

Pyro Electric
Sensor 2

1uF ——

‘S‘o‘m\l‘m‘m&

ANA3

VDD
PAQTAN/TOOUT/XIN
PA1/TOOUT/XOUT
VSS

PA2/DEO

PA3ICT SO

PA4/RXDO

Z8F S040xHHO020EG

PBO/ANAO

PC3/COUT

VDD (33V)

i

PC2/ANAGLED/Vrer

PC1/ANASCINN

PCO/ANA4/CINP

DBG

10K 10k Debug Header

RESET/PDO
PA7/TIOUT

PA6 /T1IN/TIOUT

Elslslelabllsls s

PA5/TXDO

‘mmbwmp
]
@
(9]

Figure 9. Require d Circu it Connections for the Z8FS040xHH20EG

(20-Pin) Motion Det ection MCU in DUAL PYRO Mode

28-Pin Z8FS040xHJ20EG

The 20pin Z8FD40xHH20EG part offersboth dual ard quad pyoelectricsensors; each
of these modes is described in this appendix.

Single Pyroelectric Sensor

Figure 13 shows an example cirdait the28-pin device of th & MOTION Detection and
Control MCU Family with asingle Pyroédectric sensor The inteface to the pyroelddc
sensoiis via thededicate input ANA2 (pin 1). Vrge (pin 3) must beexternallytied to
ANAS (pin 4). The stas LED is driverby pin 26 (PC3/G 1) which is normally config-
ured as aGPIO by the appliction to controlthe sate of theLED. This pin provides a pre
grammableconstant currat sink specificlly for LED drive withoutusing an external
resistorPin 22is dedicated as the Dedppin and is connected o pin 4 of the Debyg
HeaderPin 21 is set up for hResefunction, but mayalsobe sedasPDO (gereral pur-
pose I/0O) ashe applicationaquires. Pull-upesisors (1K) areprovidedonthe Debg

PS028511-0112

Downloaded fronDatasheet.su

28-Pin Z8FS040xHJ20EG



ZMOTION™ Detection a nd Control Fam ily
Product Specifica tion

LIXYS 47

and Rest signals asequiredfor the Déoug interfaceAll other signé&s may beused as
requred. The paver swpply design is left to the appliation requirements.

VDD @ 3V)
vDD@E¥)
Pyro Eledric TL > /! VBD @3v)
oo Sensor StawsLED T
e 6 Ll pBLANALL 2
—2 | PB4ANA7 PBOANAOFZL
GND 4K 3 % Debug Header
VDD @ 3V) PB5/V, or PC3COUT 1K 10K
T |:—ANA3 PC2/ANRS [ 2 1 \vec
51 avop pcumASCNNEZE 2 REsET

. \—Gr VDD PCO/ANA4/CNPZ 3 oD

= — N — — L PAO/TOINTOOUTXIN DBGH22 — 4 peG

8| pAITOOUT/XOUT RESET/PDO}-2L 5 IGND

9 lvss e —Sine
01 avss rce

11 pazpE pA7TLOUT| S —
12} pasTTSo rosHL
L 13| pA4/RXDO pca| 16
B 241 pas/TxDO PAG/TLIN/TTOOT -2
Z8FS040xHHO020EG
Figure 10. Required Circuit Connections for the Z8FS040xHJ20EG
(28-Pin) Motion Det ection MCU in SINGL E PYRO Mode
PS028511-0112 28-Pin Z8FS040xHJ20EG
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Dual Pyroelectric Sensors

In DUAL PYROMode, the second pyrdectric sensor is connected to ANAJhe signal
from Vree to ANAS is not requied. All other conections rmain the sae asSINGLE
PYRO Mode. See Figure 14.

VDD (33V) .

Pyro Electric Val VDD (3:3V)
Sensor 1 bt
VDD Status LED
L siG Ll anaz PBIANALFZ-
—— 1uF
-2 PBAIANAT PBO/ANAO-Z~
o 47K 3 » 0K 10K Debug Header
—\; PB5N qer PC3/COUT
VDD (3.3V)
—_— 4 {anas pc2/ANAG | 2 1 lvee
5 AVDD F’Cl/ANAE;/CINNi 2 RESET
— 6 3 3
D D PCO/ANA4/CIN P — GND
— — 1F 1 7 —_ 2 ) 4
— —— PAO/TOIN/TOOUT/XIN DBG L D BG
8 — 2 5
—— PAL/TOOUT/XOUT RESET/PDO GND
9 fvss pc7 2 —S8ne
D {avss pce 2
A pa2pE0 PA7T10U T 2 e
© — 7
——PA3/CTSO PC5
— B | pa4/RXDO pc a5
- 14 —_— 15
—— PAS/TXDO PAG /T IN/T 10UT
Z8FS040xHH020EG

Figure 11. Required Circuit Conne ctions fo r the Z8FS040xHJ20EG
(28-Pin) Motion Det ection MCU in DUAL PYRO Mode

PS028511-0112 28-Pin Z8FS040xHJ20EG
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Appendix B. PIR Engine Initialization and
Control

PS028511-0112
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Theapplication software must executeiaitialization procedure t@nable the IR
engine. Once the PIR engine is endbleruns inthe backgourd from the ADC irterrugd.
Every ADC conversion gereraes aninterryot and thePIR engine performs its furctions
during this time. Theiser apptation cade rurs in the faegroind andmontors the status
throughthe APl and performs any othiemctions requied for the application.

ThePIR engine also requiresone-seondtick to perform several busekeepig opera-
tionsandto keep track of its sampling rate. i§hick must be providedy the wserapplica-
tion through the Satus/Cotrol Regsterl (Ergine Timer Tick). Once per seconthis bit
shouldbeset to a by the application softwa to providegheengine wih a 1-second time
base. Theaccuracy of thigime is notcritical, butshouldbe within +/-10%.

There are twdbasc modesn which thePIR engine opeates: NORIAL SCAN RATE
Mode and LOW SCAN RATE Mode. 8¢he destption of the PR ScanRat bit in the
PIR Satus/Cotrol Regsterl for more details.

ThePIR ergine runs inthe bakground from the ADC interrupt(initiated by the applica
tion). Engne processig is done duringthe ADC interruptTherefore CPU loading is
basedon the sampleate of theADC. To ensire aconsistent samplete, the Enginenust
know the MCU operating frequency(System Cloclerequency). It uses the Flash Fre-
guency ©ntrol Registergo determingheoperating frequency which mudie intialized
prior to starting thé&ngine.

TheFlash Frequency High FREQH)and Rash Frequency LoByte (FFREQL)egis-
ters combingo form a 16-bit valué-FREQ pimarily to contol timing for Flash program
and erae functions. Thigalue is alsasel by thePIR software engine toalculate the
required sanplerate of theADC ard other functions The 16bit vaue for FFREQ is tle
Systen Clodk Frequency in KHz andis calculated usig the following equaon.

FFREQ[15:0] = {FFREQH[7:0],FFREQL[7:0]} = (Syst em Clock
Frequen cy)/1000

Observe the following procedure to initialize PR engine — a process that is common to
both the Normal Scan RadémdLow ScanRate moda:

1. Set upthe API contrd registes (standard and adveed).

2. Initialize the FFREQH and FFREQL raggrs with the MCU clock frequency
3. Write the PIR Bable Patterio the PIR Enable Register

4. Call PIR Init.

PIR Engine Initialization and Control
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Initialize any applicatin-specific I/O and peripherals.
Enable interrupts.
Ensure thathe PIR Sensort8blebit (ePIR_SCO0:0) is set.

Continue withthe application.

© N o u

Theflow diagram in Figure 15 showsdlyenerasoftware opration forNORMAL
SCAN RATE Mode.

PIR Engine Initialization and Control
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RESET

Initialize Oscillator & WDT
Setup GPIO’s forapplication

]

Initialize Flash Frequency Register
Enable ADC in PWRCTLO

|

Initialize API Registers
Recommended settings supplied in
lens/pyro configuration file
PIR Scan Rate =0

]

| Set ePIR_Enable Register to

‘ ePIR_ENABLE_PATTERN Execute ADC
ePIR - - ePIR_ADC_ISR Interrupt

Initiali zation ¢ Macro ‘

Execute ePIR_INIT Macro

v

Setup Timer for 1 Second Interrupt
Enable Global Interrupts

i
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]

Wait for PIR Sensor Stable
ePIR_SCO0:0=1
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C Setbit 7ofePIR_SC1
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Figure 12. Applic ation Flow Diagram: Normal Scan Rate

PS028511-0112 PIR Engine Initialization and Control
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Theflow diagram in Figure 16 showsedlgyenerasoftware ogration forlLOW SCAN
RATE Mode.

RESET

Initialize Oscilator & WDT
Setup GPIO’s for application

L Enter ADC
Inttialize Flash Frequency Register Interrupt

Enable ADC in PWRCTLO
i Turnoff ADC to ADC

Initialize AP| Registers Conserve Power Interru pt
Recommended settings supplied in !
lens/pyro configuration file

PIR Scan Rate =1 Exit ADC
i Interrupt
Set ePIR_Enable Register to
ePIR ePIR_ENABLE_PATTERN
Initialization L

Execute EPIR_INIT Macro

i
1
i
1
’ !
i 5 Millisecond
! Set up Timer for 5 Milisecond Interrupt Timer Interrupt
! Enable Global Interrupts
i L Startnext ADC 5 Millisecond
Sample ADC Scan
Application Execute |
Initiaization EPIR_ADC_ISR |
i Macro |
|
|
|
Wait for PIR Sensor Stable mmmmmTeme
ePIR_SCO0:0=1 1
No }
|
) |
! HALT |
3 (Optional) Yes |
. |
Main ‘
Application _ One Second
Loop Monitor ePIR Setbit 7 of ePIR_sc1 |  Timer Tick
‘ AP for Events (Engine Timer Tick) i
! |
| |
| |
| : : |
|
} User \ !
| Application }
i Code Return !
| |
o I A
Figure 13. Application Flow Diagr am: Low Scan Rate
PS028511-0112 PIR Engine Initialization and Control
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Appendix C. Software Support Files and
Project Configuration

The following four files are providedto support the PIR engine:

ePIR_API.c. Contains theé\PI register definitionsnd bcaks them at theiappropriate
places inmemory

ePIR_APL.h. Provides the bitlefinitions for the APfegisters and also contains the macro
definitions forEPIR_INITand EFPR_ADC_ISR.

API_INIT_xx.h. This header fe containghe defaultAPI setingsspecificto the ens and
pyrodectric sasor béng usal. The appliation code loads the API registers wiltese
values prior to executintpe EPIR_INIT macro.Severalersions of this filareavailabe
from the Zilog website with &ted configurations supporgriheavalable lenses ard
pyrodectric s@sors. Refeto Appendx D. Lens Seletion Guide on page 55 to select the
appropriate API_INIT_xx file for theselected lens.

startup ePIR.asm. Thisis the C startup file thaeplaes startupssm orstartupl.asmin
ZDSII. It contains tle ervironment inifialization, stack and géster pointer configurations
required specifidly for a PIR project.

ZDSII Project Settings

Zilog DeveloperStudio (ZDSII) is usedfor softwaredevelopment. Sincéhe compiled
apgication code has ro visioninto the operation of the PR engine, it isinportantto
ensurethat theapplication woking RAM area is noeffected by ergine operatims. To
facilitatethis, the PIR engine usegorking register group EaddresseBOh to EFh) asits
working RAM areaand the pplication code ses woking regster graip O(asdefined in
startup®IR.asm). These operionsare autonatically handledby the canpiler and exam:
ples are provided with the availaldample projest

The Small Memory Model must based for the application software

To supporthedefinedmemorymap, ZDSI project settings must lmnfigured agoll ows
(sampleprojects are sailable thathave these sétingsalready configured).
Application Project Se tting s (Small Model)

¢ RbData:20h-6Fh , FOh—FFh
— Definedin ZDSII Project Settings under Linker AddresgaSes

— This dlows for 16 bytes of stak spacestarting at7Fh. If additional spaces
required, reducthe6Fh value.

— Thecompiler uses ddresso0h to OFh for working registers

PS028511-0112 Software Support Files and Project Configuration

Downloaded fronDatasheet.su



ZMOTION™ Detection a nd Control Fam ily
Product Specifica tion

LIXYS 5 4

— Addres rangel0h to 1Fh is the working register group reservedficst level
interrupt

— If more than 1 level of interrupt nesgjis required by the application, tl2eh
must bencreaed byl0h for every additional nesting level.

— Addres range~0h to FFh contains théAdvanedAPI Registas

¢ EData:100h—10Fh , 110h-18Fh
— Definedin ZDSII Project Settings under Linker Addresgaes
— Addres rangel00h to 10Fh contains the tindard APRegisters

® SP=80h
— Defined instar tupePIR.asm
— First stacKocation is7Fh ard it grows down

®* RP =00h
— Defined instar tupePIR.asm
— Theapplication coce uses weking regster goup O

®  intrp=10h

— Defined instar tupePIR.asm

— Firstlevelinterrupt uses waing register group 1
®* Engine RP=EOh

— This is the waking register goup used by the AR ergine
— Definedby the Emine Entry macro's ER_INIT andEPIR_ ADC ISR

PS028511-0112 ZDSII Project Settings

Downloaded fronDatasheet.su



ZMOTION™ Detection a nd Control Fam ily
Product Specifica tion

Appendix D. Lens Selection Guide

LIXYS 55

Usethe data in @le 35 to help select thens maost appopriate toyour application The
configuraton file listed contains theptimal API settings for that particular lens and
shauld be ircludedwith your ZMOTION project.

Refer totheZMOTION Lens andPyroelectric Serms Product Sgecification(PS®86) for
lens usage ard details.

Table 35. ZMOTION Lens and Pyroelectric Sensor Selection Guide

Configur ation

Pyroelectric

Part Number Description Typical Ap plic ations Header File Sensor
AA0.9GIT1 Animal Alley Array (88°) Corner wall mount or very ePIR_INIT_01.h RE200B-P
Lens + 35.6mm x 49.9mm Flat high ceiling with
Specification Fresnel rectangular floor pattern
« 22.9mm Focal Length * Warehouse Lighting SDA02-54-P
+ 25 Meter Range (Bay L_|ght) _
« 22 equal segments . Comb_me(_j Intrusion
and Lighting Control
e HVAC
CM 0.77 GI V3 Ceiling Mount Array Ceiling Mount for ePIR_INIT_02.h RE200B-P
Lens (360°) standard commercial
Specification  « 37mm diameter circular heights
lens  Lighting Control SBDI46-504AA
e 19.6mm focal length e HVAC Control
e 3.7mradius at 2.4m * Meeting rooms
height
» 3:1 floor coverage
diameter to height ratio
CM 0.77 GI V5 Ceiling Mount Array High ceiling mount for ePIR_INIT_03.h RE200B-P
Lens (360°) commercial and industrial
Specification  « 37mm diameter circular applications
|enS ° Commercial nghtlng SBDI46-504AA
. Control

19.6mm focal length
12.2m radius at 12.2m
height

2:1 floor coverage

diameter to height ratio

 Commercial HVAC
Control

PS028511-0112
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Table 35. ZMOTION Lens and Pyro electric Sens or Selec tion Guide (Continued)

Configur ation Pyroelectric

Part Number Description Typical Ap plic ations Header File Sensor
CWM 0.5 Gl  Ceiling/Wall Mount Array Wall or ceiling mount for ePIR_INIT_04.h RE200B-P
V1 Lens (180°) office or meeting room
Specification  « Circular lens with « Room Lighting and
24mm x 24mm square HVAC Control SBDI46-504AA
base
e 14.2mm focal length
e Board mount clip-in
NCL-9(26) Clip-on 15mm Array Room Occupancy and ePIR_INIT_05.h RE200B-P
Lens (360°) Proximity Sensing
Specification  « Clips on to pyroelectric * Lighting Control
sensor « HVAC Control SBDI46-504AA
e 2.25m radius at 2m « Appliance
height « Kiosk/Display Control
e 2.1:1 Floor coverage Vending Power
diameter to height ratio Management
Appliance
* Power Management
NCL-3B Lens 10mm wall mount array ~ Proximity or Entrance ePIR_INIT_06.h RE200B-P
Specification ~ (60°x60° ) Detection
» Clips on to pyroelectric * Kiosk
sensor . Vending
e 4 beams (X); 2beams « HVAC
(Y) » Display counters
e 10m range
NCL-10IL Lens 10mm Wall/Ceiling Mount Proximity or Entrance ePIR_INIT_07.h RE200B-P

Specification

Array (80° x 30°)

* Clips on to pyroelectric
sensor

* 6 beams (X); 2 beams
(Y)

¢ 10m range

Detection

» Kiosk

* Vending

+ HVAC

» Display counters

PS028511-0112
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Table 35. ZMOTION Lens and Pyro electric Sens or Selec tion Guide (Continued)

Configur ation

Pyroelectric

Part Number Description Typical Ap plic ations Header File Sensor
NCL-3R Lens 10mm ceiling/wall mount Room occupancy and ePIR_INIT_08.h RE200B-P
Specification  array (3609 proximity sensing
» Clips on to pyroelectric < Lighting control
sensor » HVAC control SBDI46-504AA
* 2:1 diameter-to-height « Appliances
coverage « Kiosk/display control
* 14 zones « Vending power
* 5 meter range management
NCL-10S Lens 10mm wall mount array  Entrance detection with ~ ePIR_INIT_09.h RE200B-P

Specification

(18)

Clips on to pyroelectric
sensor

2 beams X (27°)
1 beam Y (18°)
10 meter range

directional detection

Kiosk/display counters
Vending
HVAC

Entrance/access
control

PS028511-0112
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Customer Support
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To sharecomments, geyour techniel questios asweaed, or report issues yau may ke
expeaiencing with our products, pkse vsit Zilog's Technical Support pge at
http:/support.zilog.com

To learn more about this product, find @ibchal documentation, or tdiscover other fac-
ets about Zilogroductofferings pleasevisit theZilog Knowledge Baseor candder par-
ticipating inthe Zilog Forum

This publication is subjetb replacement by laer edition. To determine whether a later
edition existsplease vit the Zilog website atitp://www.zilog.com

Customer Support



