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Summary

[ . Title

o merchandize and commercialize public parking information system using geomagnetic Sensors
“T hand d | bl k f t t t ”

II. The outline of R&D project (The description of the purpose, justification,

scope and etc)

1. Purpose

® The purpose of this R&D project is to build a foundation for the merchandizing and
commercialization by both building & operating a test bed and by implementing pilot program
for making a prototype and securing a product credibility.

® The 1% year object is to make a prototype, to map out a Biz model and to build a test bed.

® The 2" year object is to improve product performance resulting from test bed operations
and testal outcomes, and to build a pilot site.

® The 2" year object is to improve the function of a pilot site, to improve the performance of

public parking information system and to file a related patent.

2. Justification.

This R&D project is expected to bring out the following effects by facilitating and expediting

traffic control and by resultantly improving national competiveness..

® To both suppress and control illegal parking with parking information provided and to secure a

justification for illegal parking crackdown

® To minimize an investment in the parking facility by maximizing the operational efficiency of
existing parking lots

® To minimize the elements of road traffic failure and hindrance (Expediting traffic control /
and creating a healthy traffic environment)

® To improve urban environment by minimizing unnecessary traffic demand and thus
suppressing environment impediments

® To improve residents’ services through healthy parking environments



3. Scope

No. Core output Unit output Unit goal
To fabricate geomagnetic sensors
1 Prototype To make a prototype To fabricate a regional relay device
To fabricate a regional controller
To build a test bed To build a test bed
To utilize a test bed
To operate a test bed To reflect the outcomes of a test bed
2 Test Bed To improve the applied technology
Communication success rate
To improve the product i i
Vehicle detection rate
performance
Power consumption saving rate
To build a pilot site To build a pilot site
To improve a pilot site To improve the functions in a pilot site
3 Pilot site
To improve the performance in a pilot
site
To map out a Biz model To set up a Biz model
4 Intellectual property
To file a patent To file a patent




[II. R&D implementation detailed breakdown and outcomes (Description on the implementation

process, implementation outcomes and etc)

1. R&D implementation process
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2. R&D implementation method

A. Prototype- making
*Review of the component parts for a prototype :, The method applied to carry out this is to collect technical data
of major components and to sift out parts that comply with requirements, based on predefined requirements.
*Research on the method for prototype’s performance improvement : :, The method applied to carry out this is, to
draw out 5 items for performance improvement in consideration of all probable happenings on the site and then to
apply a multilateral approach to solve drawn-out items, and then to try to minimize possible problems through on
the site tests and finally to review the approaches to problems expected to happen.
*Prototype-making : A manual-centric work according to test environments and small quantity production

restraints.

B. Biz Model Set-up
*By applying a CANVA tool provided by BusinessModel Generation, a Biz model will be written out after going
through much discussion among researchers

C. Test bed-building

*Environment design : To design environments taking consideration of possible situations on road parking lots.



=System design : To place geomagnetic sensors for each parking lot, and to place a regional relay device and
regional controller on parking tollbooth

*Communication design : Each geomagnetic sensors and regional relay device will communicate via Zig-Bee
communication, and regional relay device and region controller will communicate by way of USB interface, and a
regional relay device will communicate with a center via public Internet.

= Test items design: To design test items to prove environment adaptability, Parking vehicles-detecting capability,

battery power consumption, communication-capable range and etc.

D. Test bed operation
*Test Bed Utilization Test : To conduct a test for environment adaptability, vehicle detection, power consumption,
communication range and etc in order to examine and verify the performance, and accumulated test data will be
used for performance improvement
=Analysis of test results : Will verify the performance through accumulated data analysis from the test using a test
bed, will conduct a cause analysis of deficiency areas, and study on the problem-solving, which to be reflected in
the future design.
*Technology improvement : Will conduct technology improvement, based on the solution derived from the test

data analysis phase.

E. Product performance improvement
*Improvement of communication success rate: Communication success rate depends on communication procedure
(protocol) and communication-capable range. Try to improve the success rate by way of research on microwave
environment and antenna without modification on a adopted communication module.
*Improvement of vehicle detection rate : From a judgment that vehicle detection technology is the very answer to
the improvement of detection rate, will revalue every components for vehicle detection and take advantage of to
use various approach.
* Improvement of power consumption : The elements of power consumption depend on circuit configuration and
operation method. Will evaluate the operation adequacy without modification of circuitry, and will make use of

ways of simplifying data processing.

F. Pilot site building
*Intended for implementation of parking information provision service and be comprised of data collection, data
processing and information provision
=data collection : Will place geomagnetic sensors in each parking block, and set up communication relay device to
cover wide area communication range and regional communication device to receive data from regional controller.
*Data processing : Will set up a regional controller at local area, and build a web server to handle data processing
*Information provision : Will be served as a electronic display board at local area, and as a app as smart phone in

remote and distant areas.



G. Function improvement at pilot site
=As for an addition of electronic display board control to regional control device, the method to be taken is to take
approaches of time division or background process, deviating from existing data collection-oriented functions, in
order not to hamper existing tasks
=As for power supply to an electronic display board, the method to be taken is to firstly consider minimizing
minimize power consumption and making use of renewable energy.
=Considerations to network configuration for electronic display board are how to overcome communication range

and communication environment. Initial target range is set tentatively at 200M in visible distance

H. Performance improvement at pilot site
= The method to be taken is to examine data and materials on PDA communication method(protocol) in order to
provide parking information to parking jockey’s portable PDA, and to preferentially review the possibility of
integration with existing communication network as well as user interface
= As for user interface and functions for the app that provide parking information The method to be taken is to

review the priority and take approach to starting from something simple.

I. Patent filing
=As for technology patent relating to parking information provision, the method to be taken is to preferentially file
a patent for the technology that can occupy a market, after firstly finishing a research about the current patent
trend.
= As for SW app patent relating to parking information provision, , the method to be taken is to preferentially file
a patent for the technology that can occupy a market, after firstly finishing a research about the current patent

trend and parking information users’ information demand

3. R&D outcomes

A. Prototype making

= Completion of making a prototype of geomagnetic sensors and regional relay device

-

Geomagnetic sensors Regional relay device



B. Biz Model establishment

= Mapping out Biz Model as a roadmap for commercialization

Business Model Canvas Worksheet

JEX MBS il Py | ABAHITOIHE §
e
Guidence selfservice
Information
Service Membership m
=l
Hl__ - ‘ g
e FIXERI Sl
PP WEB
HI 2 H018 28 Py
& &
o~ HEDER, Mu| 0|82,
a MR, HH|,
AlAE P
o1 U SRRy TR

A Biz model will be written out after going through much discussion among researchers, applying a CANVA tool

provided by BusinessModel Generation,.

C. A Tedbed building
Built a testbed at Myunghak 2™ parking lot at Anyang city, Kyungki-do, and completed set up with 14 sets of

geomagnetic sensors and 1 set of regional relay device
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System configuration diagram of a testbed Photo of installed geomagnetic sensors

Name of equipment | Purpose of operation No. of unit | Remark
Geomagnetic sensor Test of sensor performance 14 PCS
Regional relay device To sustain communication 1 PCS
Regional controller To check on site equipment 1 PCS
Internet line To remotely check on-site 1 line
equipment




D. Testbed operation

(1) Test of testbed utilization
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A test of nature environment adaptability showed the state of maintaining ongoing operation. A test of vehicle
detection rate showed poor detection rate, A test of power consumption showed 0.1V voltage drop after 480 times
communication a day and 81-90 days lapse. A test of communication range showed that sensors between 60m

distance maintained stable communication, but confirmed that sensors between 70m distance are unstable to

communicate each other

(2) Analysis of test results
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A test of nature environment adaptability is judged to have had no influence from Korean natural environment. A
test of vehicle detection rate showed that detection rate for new model and subcompact car was low. A test of
power consumption showed minimum3.6 year usable if calculated to annual usage. A test of communication range

judged a stable communication within 60m distance

(3) Technology improvement
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The points for technology improvement for vehicle detection rate are to adjust geomagnetic sensors placement
location and detection configuration(tolerance) value, and to take supplementary measures in recognition
algorithm. The points for communication range improvement are to change the way of antenna setup, to adjust

antenna polarization range and to take a measure of improving antenna sensitivity.

E. Product performance improvement

HE ds M
BoldEE AELRE MRS

In order to improve communication success rate, communication method is to be asynchronous communication
method, antenna setup location is to be inside enclosure, is to be improved into film antenna in die-pole type.

In order to improve vehicle detection rate, measures are taken to adjust geomagnetic sensors installation location,
to readjust threshold value of detection area, and to improve recognition algorithm.

In order to improve power consumption, the measure to be taken to omit some operation procedures that are non-

essential among geomagnetic sensors operation procedure

F. A pilot site - building
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Built a pilot site on 39 parking blocks at Myunghak 2™ parking lot in Anyang city, Kyungki-do that are comprised

of the functions of parking information collection, processing and provision



G. Function improvement of a pilot site

An electronic display board is to be added in order to provide parking information about nearby on-site parking lot

(pilot site)

H. Performance improvement of a pilot site

To provide parking information to parking jockey’s portable PDA and to implement the development a SW app to

provide parking information

I. Patent filing

Completed filing a patent for “Parking information management system by the use of parking block occupancy

detecting device as a business model (Patent filing No. : 10-2014-0097061, Date of filing : 2014. 7. 30. Applicant

for patent : Wookwang Information and Network System Co., Ltd) and a patent for “Parking block occupancy

detecting device by the use of power generating technology” as a technology patent of providing parking

information model

Wookwang Information and Network System Co., Ltd)

IV. Final R&D outcomes and application achievements

1. R&D outcomes

(Patent filing No. : 10-2014-0097051, Date of filing : 2014. 7. 30. Applicant for patent :

A. Patent filing
o Applicant
Classification to - » ) )
No. The name of filed patent Filing No. Date of Filing |  (Registrant & Right
element technology
holder)
- . Wookwang Information
Parking information management system by the use
A-1 3-7} i . ] 10-2014-0097061 | 20140730  |and Network System Co.,
of parking block occupancy detecting device Lid
. . . Wookwang Information
Parking block occupancy detecting device by the use
A-2 1-7} . 10-2014-0097051 | 20140730  |and Network System Co.,
of power generating technology Lid

B. Academic journal publication

Classification i )
SCr i . ISBN Name of Vol. | Starting | Ending | Date of
No. | toelement Title of thesis Name of Journal ) o
General ISSN | Main author | (No) page page |publication
technology
C. SW registration
Classification .
Date of Name of Date of L Name of copyright
No. | toelement Name of SW i o No. of registration
creation author registration holder
technology




D. Designation of New technology

Classification .
Date of Date of Protection . o
No. | toelement Name o o ) Serial No. of designation
application notification period
technology
E. Prototype-making
Classification
Date of Installed ,
No. | toelement Name of prototype .| Name of maker i Field of usage
releaase/production location
technology
'Wookwang Myunghak 2nd
. Information and king lot i
c-1 |1-7h Geomagnetic sensors 2013.01.30. rommation an parking O,t "
Network System Anyang city,
Co., Ltd Kyungki-do
'Wookwang Myunghak 2nd
. . Information and king lot i
c2 17t Regional relay device 2013.01.30 promationand | parking ‘ot in
Network System Anyang city,
Co., Ltd Kyungki-do
F. Field test*
Classification
No. | toelement | Name of field test Date of test Location of test Description
technology
D1 7 Vehicle detection Myunghak 2nd parking lot in [10 check the capability to detect vehicle
test Anyang city, Kyungki-do loccupancy at parking block
To check the communication range
D2 bt Communication Myunghak 2nd parking lot in Detween geomagnetic sensors and
range test Anyang city, Kyungki-do lregional relay device during both vehicle
occupancy and non-occupancy
To check the state of geomagnetic
) Myunghak 2nd parking lot in Sensors’ detection toward both parkin:
D3 24 Detection error test YHEREE Sne pariang ot ) . .p &
Anyang city, Kyungki-do land passing vehicles near parking block
under field test.
G. Standard/Certification
Classification o
INo. of certification . o T
No. to element Name of certification Date of acquisition |Acquisition institute Management agency|

technology

(No. of standard)




H. Policy adoption

Classification Related organization Date of
ate o
No. | toelement [Classification Name of policy (Department in Contents of adoption
enforcement
technology charge)
I. Legislation adoption (Reflection)
Classification Classification to ) L
o o i Corresponding  [Date of Ministry in Contents of new /
No. to element  |Classification| application Title . L
i , (related) clauses enforcement (charge revised legislation
technology (new/improving))

J. Adoption(Reflection) to Design standard, Specifications and Guidelines

Classification Classification Classification to ) i
i o Title of Design standard, i .
No. | toelement (Design standard, application o o Date of adoption | Contents of adoption
o o i ) Specifications and Guidelines
technology | Specifications and guidelines) |(new/improving)
K. Technology licensing agreement
Classification Name of . . ) Amount of
Name of . Starting date of | Ending date of [Date of licensee] . Type of
No. | toelement licensee  |Date of agreement i . . license
agreement license license fee collection agreement
technology company fee(USD)
L. Commercialization / Merchandizing
Classification ) No. of
Name of Contents of Name of |No. of business|  Sales amount Year of sales
No. to element o o o i Employment
commercialization|commercialization| company | registration (USD) generation
technology (Person)
M. On-site application(Installation)**
Classification|  Name of Name of ) ) )
) ) ) Name of Starting date of Ending date of Installation contract
No. to element ordering installation ) ) ) ] ) i
applicable site installation installation amount (USD)***
technology |  company company




2. Application results from R&D outcomes

Not applicable

V. R&D goal achievements and effects

1. The degree of goal achievements

The degree of R&D goal set-up in R&D plan is achieved 100%

2. The effect of R&D goal

R&D achievements

A. Public interests-wise achievements
o To remove elements of leading illegal parking through parking information provision

o To improve urban environment and traffic flow through keeping down unnecessary traffic demand

B. Technological achievements

o To obtain technologies of detection and recognition on stationary(non-driving) vehicles using
geomagnetic sensors

o To obtain technologies of wireless communication method toward sensor node and of extending
communication range

o To obtain the system to collect information on outdoor parking lot

o To obtain the method of providing parking information real-time through an app

C. Academic achievements

o To build the service of parking information provision as sub-service of intelligent traffic system

D. Economic achievements

o To save gas bill, resulting from shortened time to be taken to parking

o To save a budget for parking facilities by improving operational rate at parking facilities

o To increase the revenue of parking lot by improving operation(turn-over) rate at parking lots

o To save the cost of processing pollutants by improving urban environment

E. Other achievements

o To bring the effect of increasing employment, creating new market of parking-related industry




VI. Plan to utilize R&D achievements

Phase Name of Phase(R&D completion time) Phase definition
Technology development phase
[ The phase in which R&D is completed through national R&D project
m Completion
I Technology verification, supplement phase The phase in which to verify and supplement technology and to enhance the degree of
0 Tn preparation 0 n progress m Completion technological perfection through prototype-making and field test application
I Commercialization push phase (Marketing) The phase in which marketing(proposal, promotion, bidding and etc) for product
m In preparation 0 In progress sales or for winning a contract occurs
Market acceptance phase
v The phase in which actual sales occur through product sale or win a contract
o Early occurrence o Consistent occurrence
) ) Classificationto ~ |Vehicles detection by way of
Classification |1-7} .
element technology |geomagnetic sensors

1. Please note a plan for using R&D achievement for next 5 years (Application report submission deadline)

Phase

1 year after

completion

2 year after

completion

3 year after

completion

4 year after

completion

S year after

completion

[ Technology

development phase

m Completion

m Completion

m Completion

m Completion

m Completion

II Technology verification,

supplement phase

= Completion

m In progress

m In progress

m Completion

m In preparation

IIT Commercialization push

phase (Marketing)

m In preparation

m In progress

m In progress

m In progress

m In progress

IV Market acceptance
phase

o Early

occurrence

o Early

occurrence

m Consistent

occurrence

m Consistent

occurrence

m Consistent

occurrence

2. Please explain in detail the content of major activities (Scheduled/Planned) on the application plan that your

organization answered on No. 1.

Content of major activities
Phase Name of phase
Organization* Output**/No. Period Content

[ Technology R&D Completed within
development phase completion R&D period
Technology ) ) ~ 1 year after

I o Field test / twice )
verification, completion




supplement phase

Technology

licensing agreement
Commercialization
/ once ~3 year after
[T | push phase
Commercialization, | completion

(Marketing) o
Merchandizing / 1
product
Market acceptance On-site application | ~4 year after
I\Y AA Company ) )
phase / 3 times completion

3. Are the enactment and amendment of standard and guidelines necessary in order to take advantage of R&D
outcomes ? (1)

1, Yes, necessary. 2. No, not necessary.

4. In case of answering 1 (Yes, necessary), please explain detailed activity plan for adopting standard/guidelines in

the future.

Classification Classification to
(Design standard, application Description

Specifications and guidelines |(new/improving

) In design standard for outdoor parking lots (facilities), the installation
Design standard for ) . )
] of the system (Functions) to check vehicle occupancy at parking block
outdoor parking New
o need to be stipulated mandatory in specifications to install parking
facilities ) ] o
information provision system
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Occupancy Accuracy Across Sensor Type

100%
90%
80%
70% ~
60% -+
50% ~
40% -
30% -
20% ~
10% -

0% -

m Radar/magnetomter (Fybr)

m Radar (Sensys)

u Infrared (CPT)

H Image recognition (Cysen)

® Magnetometer (StreetSmart)

Balboa St.  Fillmore 5t Inner Valencia St. West Portal
Richmond Ave.

Sensor technology Occupancy accuracy
(vendor)

Radar/magnetometer
(Fybr)

Radar (Sensys) 898%

78%

Infrared (CFT) 0294,

Image recognition

(Cysen) 77%

Magnetometer

(StreetSmart) 81%
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@ zdg A FAY

Al 2t

Sensor technology Percent of events detected & received within:
(vendor) 60 seconds 120 seconds 180 seconds
Radar/magnetometer 60% 63% 54%
(Fybr)
Radar (Sensys) 91% 95% 96%
Infrared (CPT} 73% BR% BAY,
Image recognition . .
(Cysen) 32% 47% 52%
IMagnetometer . .
(StreetSmart) 64% 67% 68%
Tumover Accuracy/Timeliness Across Sensor Type
100%
90%
80%
70% Radar/ tomter (Fyb
[ |
§0% - adar/magnetomter (Fybr)
50% m Radar (Sensys)
40% - Infrared (CPT)
209% - ®m Image recognition (Cysen)
20% - = Magnetometer (StreetSmart)
10% -
0% -
Balboa Fillmore Inner Valencia  West Portal
Richmeond
1% 1711 SF park Pilot _ AIME HE/SAH = ANIES
® FAAM AIH At
Sensor technology Observed Accurately reported | % Sessions matched and
(vendor) sessions sessions accurately reflected
Radar/magnetometer
(Fybr) 131 95 73%
Radar (Sensys) 97 it} 2%
Infrared (CPT) 58 43 74%
Image recognition
(Cysen) 85 39 46%
Magnetometer o
(StreetSmart) 21 102 48%
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Percent of events received within (cumulative)

Sensor technology
(vendor)
Radar/magnetometer
(Fybr)
Radar (Sensys)
Infrared (CPT)

Magnetometer
(StreetSmart)

Events 10 sec 30 sec 1 min 2 min 3 min >3 min

684,659

210,215
112,956

14,254 355

73%
43%
3%

80%

98%
61%
46%
95%

99%
96%
89%
97%

99%

98%
94%

99%

99%

99%
94%

99%

100%
100%
100%
100%
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* Zig—Bee VS Wireless LAN
* Zig—Bee VS Wi—Fi

* Zig—Bee VS ISP Wire LAN
* USB Interface

* GPS Receiver

L A|Z"le] A4 ARk
AA7EA 38 A AT AbES Qokstd thE 3 2
1. npo] A2 Z 2 M| A= MicrochipAbe] PIC18F65J50°0 2 AR&-3ttY,
2. AR AM = HoneywellAbe] HMC1043 © 2 A3k},
3. USN 252 RadiopulseAl?] LM2470BE AFg-3tt},

4. AL v =2 AALS] ol 1AdA 2 SB-CO2E AR&3HT

R ESN

6. 7171 95949 T2 Zig—bees ARG, 717124, @424 2 717 AHe

98] USBE AH8-aT,

7. AXES|o]= PICZZ IO =E A28k, Flash Writing Tt
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=L | Frequency | 5Py NWK <—{ Eattary
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| Power Management |
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AN FE 8 FGAE A oAEe HAEE Fd 1 A%E MicrochipAte]
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PIC18F65]J502 AF&-3l= Aol A%
1. ATMEL AF°] AT89C5131A-L
2. STMicroelectronic A}l UPSD3432

3. Microchip AF¢] PIC18F65J50

AE UYds ddskd tad 2o
L AR A= 58] g3 stelA DeEEs 34 256 tigh Alofo] & dA=
—20T~70C &AA +Fdrh. 281 A Fua AF AlAddle] g FAd =
ol oaff i dedow Aguofof sh=t] A 74A] Al ostd gEole 13
AAE 18] gdo R 43 Qe #AIE DC 2V ~ 3.6V AstellA] kg2 o] ¥
ofof gt} AAZ|AMZHFY Je S pom, A AqA|o)7] e} A FAS 2l Zig-

Bee BAlS 3P E 0]



w

Microchip, TI 5ol 7= o] 55 3l

A W ;(oixq 017 glo] =

AXqrtof &g 7153 Ady CPU9

AZ oo st 2233 WEE: &

749- ATMEL , ARM, Motorola,

o, JA A= Microchip? PICAE

7 ATMEL®] AVR ATmega A2l So] Wo] et glrh Al =2 &4 A
AT AY 5899 AAAY 59, SIAAE 91 SRAM, EEPROM, Flash
Memory 5& CPU®l WAgst AFS Agste] HEe Lzt 4 les sty
A FA otk

4. CPUx Ao §AE = A7) AA2 Atm A7 9 9]F g o] A 3|
UART, 12C, USB 59 %], Timer, ADC 502 FAHY, o]zl ¥ <¢lE o]

A+ CPU ¥-3t&
SRR

# 23}k

= A=, do

B S 1 A3= ADC/DAC Q1E o]~

A9 slof B}, o2l Family A%o] EAlate] o7 kel wje

Aegn gl vEe] 2719 teEe

Zh3olof g},

MCU ETRI(32bit) | Atmeli8bit) | Atmel(Bbit) Atmel32bit) | MicroChips(8hit) | MicroChips{16bit) TI{16kit) CoreRiver
TMAZE60 | ATmegal?s | ATmegaZe6l | ATO1SAMTSZ66 | PICI8FBTZZ | dsPICSSFIZG8GETIN | MEP430F1610 | GCBICHE1AN
Max. OF BOMHEz 18MH= 160MH<= BELH= 40MHz 40MHz 18MH= 400Hz
Flash 2BEHE 128K 266FE 266KE 128HE ZREFE L2EE 62KE
SRAM 84FB BFE BB G<HE 4rE 32KB 10KE ZKB
EEFRCM iFE 4FE 4¥E 1o 1KB No o KB
ADC 4Ch/10bit | BCH/LOLE | B~18Ch/10bit BCh/10bit 168Ch 100t 32Ch/12bit BCh/12bit BChY10bit
Dac 1Ch/1Mbit Mo Mo Ilo Mo Codec 12hit INo
Comparator 1Ch 1Ch 1Ch o 2Ch o 1Ch o
<ZRR> ETRI, 2006.
E 2-2 A% W4 CPU 4%
5.PIC Algl=& SHIER mlolaZ I 2AA o, 22 3018} tpekst FHAA 7 &5

Aotk 17 thy 2d& PIC18AIG T PIC16AY o]t} MicroChip AFY] €1 AlolE

ot

2

T

b

www.microchip.com ©]™ 8Bit MCU2] A¥Y vluw A5+ U2 3o
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Compare 8-bit PIC® MCU Architectures
Baselne | Mid-Range | Enhanced PIC18
Architecture| Architecture | Mid-Range | Architecture
Architecture
Pin Count 6-40 8-64 8-64 18-100
Interrupts No Single interrupt Single interrupt Multiple interrupt
capability pability with pability with
hardware context |hardware context
save save
Performance |5 MIPS 5MIPS 8 MIPS Upto 16 MIPS
Instructions |33, 12-bit 35, 14-bit 49, 14-bit 83, 16-bit
Program Upto3KB Upto 14 KB Upto 28 KB Upto 128 KB
Memary
Data Memory |Up to 138 Bytes |Up to 368 Bytes |Upto 1.5 KB Upto 4 KB
Hardware 2 level 8 level 16 level 32 level
Stack
Features Comparator In addition to In addition to Mid- |In addition to
Baseline: Range:
8-bit ADC SPIEC™ UART, [Multiple Enhanced Mid-
Communication Range:
Peripherals Linear
Programming
Space
Data Memory  |PWMs, LCD, PWMs with 8x8 Hardware
Independent Time  [Multiplier
Base
Internal 10-bit ADC CAN, CTMU,
Oscillator USB,
Ethernet, 12-bit
ADC
Highlights Lowest costin  |Optimal cost to Cost effective with |High performance,
the smallest performance ratio |more performance |optimized for C
form factor and memory programming,
advanced
Families  |PIC10. PIC12, [PIC12 PICT6 | PICI2FXXK, PIC13
PIC16 PIC16F1XX i

¥ 2-38Bit MCU H|ZE®

6. AE A 292 PIC18AL T PICI6A4Y olt}f, &8 &%= PIC16 AL

rlo

40C~125Te°]a, PIC18 A€ PIC18 AE> —40T~85TColH, +§ A
PIC16 A9 1.8V — 5.5V ©]a1, PIC18 A€ PIC18 AL 2V — 3.6V ot} &
& 25 oy & A =7l Qo] PIC1I6AIE 0] -L3tAIRE A A7]AlA £

15 & W PICI8 Aol 53 Aol flom, PIC16AIA el vl PIC18AA

d

o] Al AYEA 8Bit MCUAAM = H1e Aes 7HAI e Ze=E gotyuz
PIC18AI Gl A& st=s st}

7.PIC18 AQ& 9XXX, 8XXX, 6XXX, 4XXX 783l 2XXX7} 9=t 9XXX+=
100PIN, 8XXX¥ 80Pin, 6XXX¥ 64Pin, 4XXX+ 40Pino] 71y} 44Pin 183 2XXX

= 28Pin 2% 1I/O Pin Fol o3& #dHF =Y, &5 344 S 183519 64Pins 714

AT 6XXX& A or HES

R
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ol g VA ot 22 13 W EE = Flash Type ©]t}. Flash Types oj# H

#»NANO WATT @ &5 Sl A8 d3s Sl v53 o] d€h

#+* AL TERNATE RUN MODE : E}o]m Ao & Z87]1S stAL Ui RC 24

off

dole S AHgSAY 2= AL s A9 AY 2BE 10% olFE 29T & 9

.

rlr
X
offt
ol
i

+*MULTIPLE IDLE MODE : CPU FZo}7} AFEE7FsE Aot 79 =X
E ASol Uit 527 d¥ 49 Bow 9 5 9tk

+*ON—THE—FLY MODE SWITCHING : €9 Zo|% dg #g RES ALE29 7
Tof o8 24T 5 dor, AFEA el dE Hd3hs s 2AE AT F

A,

ojr
ftlo
=
o
ol
ol
=l

«*UNIVERSAL SERIAL BUS(USB) : USB 2.0& A dal= mE 7
Atk o] ES dHeolE e dF FHel wet A% T/ 1% FAE A Atk

9. CPU Speed® 64 ~32 MHzZA Family et F#3HA BE 50 Qo A]~H &
9 4SS 18 3] 48 MHzE 7|22 3y, o]of =43 e PIC18F87J50

Family o]t} sd Al ths 1909 2o

SRAMData CCP/ mese b -g- 0= § &
i Flash Program 10-Bit S| B |58 5 | @
[&] w

PIC18FE5J50 32K 3904* | 49 8 23 | 2| Y Y 2 | 2 | 23| N | Y
PIC18FE6J50 BAK 3904* | 49 8 2 | 2| v Y 2 | 2 |23 N | ¥
PIC18FE6J55 96K 3904* | 49 8 2 | 2| v Y 2 | 2 |23 N | Y
PIC18F67J50 128K 3904* | 49 8 2 | 2| v Y 2 | 2 |23 N | ¥
PIC18F&5J50 32K 3904* | 65 | 12 2 | 2| ¥ Y 2 |2 23] v | v
PIC18F86J50 BAK 3904* | 65 | 12 2 | 2| v Y 2 | 2 |23 v | v
PIC18F86J55 96K 3904* | 65 | 12 2 | 2| v Y 2 | 2 |23 ] v | v
PIC18F&7J50 128K 3904* | 65 | 12 2 | 2| Y Y 2 | 2 |23 ] ¥ | ¥

*  Includes the dual access RAM used by the USB module which is shared with data memory.

3# 2-4 PIC18F87J50 Family
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TABLE 1-1: DEVICE FEATURES FOR THE PIC18F6XJ5X (64-PIN DEVICES)
Features PIC18FG65J50 PIC18F66.J50 PIC1BF66.J55 PIC18F&7J50
Operating Frequency OC - 48 MHz DC — 48 MHz DC —48 MHz DC —48 MHz
Program Memaory (Bytes) 2K Gk GEK 128K
Program Memary {Instructions) 16384 32768 49162 Gh536
Data Memory (Bytes) 35904 3904 3904 3404

Intermupt Sources

30

112 Ports

Ports A, B,C,D,.E,F,G

Timers

Capture/Compare/PWhM Modules

Enhanced Capture/
Compare/FWM Modules

5
2
3

Serial Communications

MSSP (2), Enhanced USART (2), USB

Parallel Communications (PMP)

Yes

10-Bit Analog-to-Digital Module

8 Input Channels

Resets (and Delays)

POR, BOR, RESET Instruction, Stack Full, Stack Underflow, MCLE, WDT

(FWRT, O3T)
Instruction Set 75 Instructions, 83 with Extended Instruction Set Enabiled
Packages 64-Fin TQFF
¥ 2-5 PIC18F87J50 71% T4
TABLE 1-2: DEVICE FEATURES FOR THE PIC18F8XJ5X (80-PIN DEVICES)
Features PIC18F&5J50 PIC18FB6J50 PIC18F86J55 PIC18F87J50
Operating Freguency DC— 438 MHz DC —438 MHz DC —48 MHz DC —48 MHz
Program Memaory (Bytes) 32K Gk GGk 128K
Program Memary {Instructions) 16384 32768 449152 GR536
Data Memory (Bytes) 3904 34904 3004 3404
Intermupt Sources 30
140 Ports Ports A, B, C,D,E,F. G H,J
Timers il
Capture/Compare/PWM Modules 2
Enhanced Capture/ 3

Compara/FWh Modules

Serial Communications

MSSP (2), Enhanced USART (2), USE

Parallel Communications (PMP)

Yes

10-Bit Analog-to-Digital Module

12 Input Channels

Resets (and Delays)

POR, BOR, RESET Instruction, Stack Full, Stack Underflow, MCLR, WDT

(PWRT, O5T)
Instruction Set 75 Instructions, 83 with Extended Instruction Set Enabiled
Packages 80-Fin TQFF

¥ 2-6 PIC18F8XJ5X 71% TA
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10. PIC18 A¥ & PIC18F87J50 Family2] 52} ¢t 542 187 o)
FIGURE 28-1: PIC18F87J50 FAMILY Voo FREQUENCY GRAPH (INDUSTRIAL)
40V —
3.8Y
35V
0Vt - - - — - - - L (Note 1)
a PIC18F87J50 Family
< 2.5V 4
& 2.38Y
8 o0v —
S |
= I
| I
| |
| |
j |
0 8 MHz 48 MHz
Frequency
Note 1: When the USB module is enabled, YusB and VDD should be connected together and provided
3.0v-3.6Y while VYDDCORE must be = 2.45Y. \When the core regulator is enabled and VDD is =2 3.0V, it
will always regulate to = 2 45V, When the USB module is not enabled, Yuss and VDD should still be
connected together, but the wider limits shaded in gray apply.
18 2-2 PIC18F87J50 FamilyQ| S e §4&-1
FIGURE 28-2: PIC18F87J50 FAMILY VDDCORE FREQUENCY GRAPH (INDUSTRIAL)'"
3.00V 1
275V {— 2.75V
g V3 ———— PIC18F87J50 Family — — — — —|- 2 45v(@)
o 238V
8 225V - I
2 _ |
@ 200V +—
2 I
£ |
S | |
| |
| I
| |
8 MHz 48 MHz
g Frequency
Note 1: VDD and VDDCORE must be maintained so that VDDCORE = VDD.
2: When the USB module is enabled, YUSB and VDD should be connected together and provided

3.0V-3.6V while VDDCORE must be = 2 45V When the core regulator is enabled and VDD is = 3.0V,
it will always reqgulate to = 2 45V When the USB madule is not enabled, Yuse and VDD should still
be connected together, but the wider limits shaded in gray apply.
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11. PIC18 AlF Y o8 A= o]d AlD= T ofZ|HAHE 7FA a1 3t} o] A

e 7|EH o7 RISCEME ol7elxele] RISCY #77} Tz wRe) Apo]=

rlo

i

ey e 4 glvke oFdE A glnh olF S Heksh Zlo] PIC1S AY

38

24, o] PIC16 A2 Hulo]Ael= Ao s glo] HwA R o7 g3 & 71

a9t

12. PIC18Fxxxxi= SFH = o}7|elx o] 7]& S22l RAM(dHolH wEg]) WAl X
29 wWE2E WAV 42 FElEo] glow, yEARoR 7 Fot vpo] A=) tuf

o]229] FANCE ANFY FTeo] 2elo] el WelA 31 AWE FFHo| F O]

r’l
AL
ol
ol
)
O
>
rO
o

ol

gt = QA HAYE Fol & watela Atk 1 F<F PIC bl
o)A Zof 7pA Wo wWalolol =7 Huf 50 o 7je] B33 AW PIC18Fxxxx= 70

of Nz e & o AYsiA zzad9e & 5 Stk

13. o)A PICI6FXXXXA &= 71EA o7 Qe HE wE 7L shubyt &4 skt @

EHEZ dgebd =238 fre 0X0

o~

WA 2 o]Fate] Z7te] RIEYE 9 &
25 Flstoof st 2 7] o] JAEHETL SAlel LSk B¢ 24 4l
Eole QEHYE 8 oA ofd JEHE &F FAaE WA Fleks kel o)
ARt A4 =l

13-1. HIGH IEHE HE e LOW JIHHE W7} EAsic)

HIGH JH S E ¥E= 0X08 WA, LOW JHHE e 0X18 WA o EA3k1
ATH Al Dol dAA ZE 9ol 59 JIHYHES Fdstal e A5 49

Eo @ F7b WA v 49 AHYES $HAHOR FAFL, o F A 59l AH

EZ St go] Asdlgnks ov] o,
13-2. BE QIEYUESS 77te] AEYE S459) vEs} 28T
RE QEHES 47te] AEYE PHAEAE AL FATLAP)7L EAE, o)k



(i,
o,
o
>
ofo
ot
4
30
v
£
N
X

IPEN (Interrupt Priority Enable) HEES 12 A4
T8 H& AFgA7E FAll High/Low JEIHES] AMES Q3kA] & Aol o]
Ao gupe] AL F PICLI6NA AFE8tE & Z=5 WE §lo] AMHEE 4 s
A ol ol 7]o] Hi= JIHHE W= 0X04 WA 7F ofgl 0X08 WA 7} =™
GIEH/GIEL QIE]%1E Enable Bit th4l GIE/PEIE R|E= AFg3}o] PIC16°)4 9t 2
o] ko] ALEE 4 QlTh

E

13-3. WFROM2 27|+ Hd 128KByteol™, &%=+ Hof 3MByte 7kA &7
& Slth

ARGAE7E o) W B el E ARE-Saial sk A PIC16 tlubo]l oA = o] ol Ho)
64Kbyte 7HA 22 o UAARE 71 o] =7Fe skl PICISE Alde 2=

a4 e

il

o] AR ZAA RER ARESHE A4S 2ol Hd 2MByte 7HA g3
3 4 Qo] o] EHEE Has & F Uk

13—4. RISC st = op7|8|A & e stal STt

PIC18F AL oA Az o] RISCHZ2 sHHE ol7|8 X5 g stal gt
RISC 7%5 Aysta 9= tulo] AEE Pipe—Line 7% 24 o= st W A}
olF UlellA ths o=@ Ae A9} o] e AAHAYY HHE FAl AFT 9l
e % olth

13—-5. thekst Ay olE F4o] EA g

o] Aldel: vt Aol Fdo] ANANE, PICIS Aldel+ Kt @ A

rlo
o

o] &4 3t} o] & Eo] PIC16 A9l 9l HS+ PLL mode”} Aok =& ¢ #F
A3 At Ulie] 4x PLL mode”} SloiAl 5o 10MHze e Aele s g
5] PLLe olsll 40MHzZE Al A So17HA "t} o83t REE AREEY] 95|

N dule] 25 E-gloldg A¥ ol HESY §4E 1S+ PLL mode® 47

o,

sho] ALgatolof F).
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13—6. PAGE T-to] ¢k#3] glth.

BANK®] #x% o} zhakstA Al =tk PIC16 AES AbEAb= 1 &t oA=&
o] 5 Abgsle] L2 73S Sl lo] PAGESH BANKE 8 &8 A: 3971
RS o] A ¥ PAGESH BANK: &4 =z oA 1wl Azl A5t
PIC18AId M= PAGES] 7ido] €8] Atetxivt. = PIC1I8 =17 v B2 A]
o] oj=d 2 BRANCHE PAGE?] A glo] GOTO @3 BRA WH & AHE-31
o xXo=metE A BRANCH7F 7Fsal 5ttt BANKS] -9+ PAGESH =+ Th=
th ol ADe] futol A= o8] BANKe st=glofollA Abg-sh= dl A ~H7F 2H2t
o4 A9 PIC18F+ BANKI159] SFR(Special Function Resister)©| 7
EAske] PIC16 Algel vlal s AfstAl AH&3 5 vk 27+e] BANKE A
g8k dAIAEl= BSR HIAAEHE o] &3t &€

13=7. PIC18 Al¥ell= 7124 9% Hardware Multiply 7]%5°] Wa=o] gt} oA
ol 4 fupolxewt YRFHE FA 7wl 71 dE o] 8x89 wAl Ve 1

Aol Zof 3sk &= Qo 1 A= A PRODH:PRODL # A AE el A=)

14. PIC18FXXXX tufo] 2ol th3 o] 5708 A e o)y R=7F it

— TWO CRYSTAL MODE : Ag|Ad" / gz u|o]g

— TWO EXTERNAL CLOCK MODE : Htj 47) &¢ =9

— INTERNAL OSCILLATOR BLOCK : 8 MHz £33 INTRC &2 A¥

— PLL(PHASE LOCK LOOP) : Y& T+ 9% A olEE o] g3te] A
48MHz 74| AF&

— DUAL CLOCK OPERATION : mlo] A2 ZEZ# 7} gAlEo] gl AbejolA 15

3 Aol 2 USB RES A3t}

(0=

15. 2MByted] 22713 vig FIHS AXA 317] S8l 218|ES 22 13 I8
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(PCO)7F EAet 2MByte® T2 wEe 3 T =84 #&& 2% 0O
o7 93ty R T2 Wre 99 A7]7F 64 Kbyted! tulolAE 32K ¢
= gygols A = glom 128Kbyted] UnlolAE 64K 9= WHE A%
T Atk PICI8FXXXX tnfo] Aol gjAl WE oA T2 I3 wree] 0
WAjol, AHHE WME ojrgAys ‘8 WX T ‘18 WA7} A

TABLE 5-2: MERMOEY ACCESS FOR PICTAFRXISX PROGRAN MEMORY MODES
Intermal Program Mamory External Program Mamory
Operating Mods Exscution | Tabls Read | Tablawrite | Exacution | Tabls Read | Table Writs
From Froim To Firosm Firoami To
wicrocontrolier Yeg YEE Ye& MO ACCEZE | MO ACCESS | MO ACCESS
Extended Mieraconbroller ez 25 25 25 b=l YeE

¥ 2-7 Memory Access for PIC18F8XJ5X

23 HRrg R E

FIGURE 3-1: MEMORY MAPS FOR PIC18F37.J50 FAMILY DEVICES
[ P00 21
CALL, CALLW, BROALL, F “
HETURH, BETFIE, FETLH, [
ADOULHE, SUBLLHE L
Erack Lews] 1
ack Leve] 3
FIC1EFXEJE0 FIC18Fxaled PIC1BFEEJ68 FIC1SFATIED
Cn-Chin Cn-Chip Cn-Crip an-Chip J3C000R
MEmiony AEmiony Memory Memory
T e | | ] ] —
Config Wordz | L ) | mr - DOSFFFR
[ CanTy. Words | J—
il Nords —-rr+rr+o J17FEFR a
-
1]
I
E
o
=
Config. Wiords J1SEFFR g
]
uUnimplement=z|  |Usimplemeantes|  |Unimplemensd | [Unimoiemenied
Foead a5 0" Foead a5 i Sead 5z 'ot Read as 0"
1FFFF=F
MWobte:  Sizes of mamory apsas are not bo scale. SiZes o program memaory arsas ane snhanoed o show deda

2| 2-4 PIC18F87J50 Family HIZ22| X|T
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16. tlolE mwlRelE= SRAM(STATIC RAM) T+%% 7FAal Qlth. "ol wWxg 9
=g~ 12Bit® ®Ho] 9low, A7) 4096 Byte ©]th.

16—1. GPR(GENERAL PURPOSE REGISTER)

dloly wWEg= A4 Ev PHOE o] Jhsetth 1 o= FSR dAX~
B¢} INDF #lA2HE 3t o] Fo|zth GPRS BANKTFZE 7FA 1 glow
POR(POWER ON RESET) AejellAl x=7|317F HA] ¢dor & W WDTE EFY
ol Al 53 22 AHoME WA doru g ARGAE REEA] T2 gdlo R
GPR dlolg H X 28 o] AlA Foloket sttt Ho]E RAM> BANKQ oA Al
Z&= GPR 993 SFR(OXF60~0XFFF) 9o 7 o]fo] Xt}

16—2, SFR(SPECIAL FUNCTION REGISTER)

SFR& CPUY mlol & vie] 5 84 mEo Aojs 93 dA~E 5o 4gae

R

g 4 Qlth SFR 9 A GPR¥ #& SRAM 7x& 7FA 1 gtk SFR #AA~HE
AA 3ot Zwel ¥ e dAAEH 53 T AR ol ¥ Qe UAAE =R 2

s,

17. PIC18FXXXX® IHHE 7|5 o]d tufojael Zpo]fdo] 9 7hx] i},
17-1. JHHE WE7F 2 7} =4 S

0X08 WA @ 49 AHHE 9y

0X18 WA @ sk9] AHHE HY

17-2. 449 B E7F(xxxIP : PRIORITY Bit) &3t}

AGAE 7 AHAE 229 $H29 HES At Agang e AHPES
49 AHYER AHET 2 A4, 39 AHYER AT 3 AAE AT & ek

17-3. QB Y EQ M4 A8 Algstu4t 5t 7% IPEN(NTERRUPT
PRIORITY ENABLE : RCONK7>)) HIEZ} &24F ‘17 2 A Ho]of S},

17-4. AEHES] $AES 7e= AMEsHA 945 4% = IPEN HIEZE 00 °o%



of Qi AT NRHOE AHPEL 49 AHAE e ofSene] HgS

17-5. JIEHE 917 ENABLES o] QlaL, vhefe]l a9 QIHHE R AR
3t Agol = ¥F=A] INTCON #dAIAHE GIEH HIE$ GIEL HIEE BF ‘1’

2 AdAstool sttt wkek GIEL HIEWE ‘17 & AAsd 3819 JHAE S A

18. PIC18FXXXX wmlo| AR FZTEZ¢ & yufo|Aef meha opeFst X EZE 7719

GROUPAIA 971 GROUP 7}A] EAstt}, thE gALS] wpo| A2 ZEEZH 9} wpztrbA|

2 77te) REES obgR W UAY 7159 5AS NI 9 ¥ ohe vy
& EA ELEY V)53 e 5e A AT F UES MUX AAHe] gore

ool webd 1 7)%5s Agste] Argstolol @t 747t

Fel

ES2 A A F
A= flsto] ot o] 379 A AR A Ho] St

7h TRIS HAAE @ =8 B A4 dlAXAE

Lk PORT A28 @ yurpe]~o] A s gl=th

ok LAT #HAAH &9 XA

19. dlolg # % @A ~E (LAT RESISTER) &

rlo
N
I~
1o
=
O
H

So] st 9

ftlo

ol Fes g0l Bad gow A F Al F9e= READ-MODIFY -

WRITE 7]%< vlgatar glch,
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FIGURE 10-1: GENERIC /O PORT

OPERATION
RO LAT T
Diata
Bus D a 1-_‘=—o—|z
WR LAT 10 pin
or PORT E oK Y
Data Latch

—1 0 a

WR TRIS ! cK W
TRIS Laich ]_—/I nput
\__/ Buffer

RD TRIS T

EN
RO PORT . >‘J —I

a7 2-5 et /0 ZE 8%

[m

1. Honeywell A}2] AMR Al
2. NVE AFe] GMR A4

3. STMicroelectronic AF8] UPSD3432

AE WE&& destd v 2k

1. AFA7178 8] A o] &2 thkstt Al fresh ede tolui o]& (Dynamo

Theory) ©]th A2 &8 (FA) > 4000~5000TC 2 L9 ¥ F& JEow
TE o A8 &t S EH i st vkn F5dEh A7)

FEAD FA7 AN U] £EEE A FER Q8] UFA A5 B2,
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O AR E AT vhEo] Wtk AR wrEolzl Aol EHle ArAE ed

o2 AT RS obf YA IPAW, AT G Y AL TholihrolE

A= H]lekar, A7) avr dxpe} of2o] witf WFow ojFet Ak At
AE2 5 AR He Stelld ARdE wEt Feld A2 AFT7F 327 wie] o

U= Zolth Hekd Sokavte] Joow A7l AYelM 9] sk Aty EEe gt
Aar, A= ez2et yehd, Z7jddels WE ol shis A A 8 Wsol
dojutt. Avkd A BFFZ2karte] &Eo] oA 75 oksiAm AT

A9l e E e MAE] S EET D = Ao A71EET Y Jhe o

B

4. o] Hlel= o2 T/ F71= 7k W3l At ols & SAWEY F714 11



il

-

2

A7 ol

4
%

]

o]

—_—

et

]

A

i

°
pul

Aol o

%
7 A 5m

=
T
3z

=

2

}

3

7HA AL . 9]

2l

=

=

9l

4 2.5m 9

H

844 etk ol

[e}

Al
171 %

=

T

9

Al A o A

T

T

3kel =7
o = Ay

H

o]'
19
=

7 =

=

=

5. ATA71e] Al Wske] #2 20~500nT9]
A4 N

6. FAE AFe AN A

42 A7)
2o
3

= AMRZ}

ol

7. A7 9

A A 7y ek

o

T

} Anisotropic magnetoresistive)

[e]

o,

8. AMR AL (o]9}Ad =714

oji

sl
)

4
oy

)

A5 745

=
T

ol A= =i,

o A

[e]

g A2EFHOE I

Z3

=

).

71

A
T

cr

T

-

, e
Fed A==, ZA WelM oF 2~3[%] ] A

°©

Eis

[¢}
Zhe

&&

o)

)
<]
o

)

il

3 ~EH 4 7

Argas At AdAAR, A

T
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9. GMR AlY (AW #7]1A &, Giant magnetoresistive) & A3 A2t v AAGAE A
A A A EA7F ZAA Yol x7] BHEYL Hejold A o] HAirR, A7 EHEV}

BEol oty Aol Hur) H= S 8T

st AREH M,

HHN'

10. AMR AlgL 1no]A 272 ~ 107F-2~ HY 9 AAES 7

GMR AD& B4 107492 ol4e] AAE AZasd A&rh

11, Fapgo] 2 B0 Fu 73 el 4 ool Wk 53 A 4%
A7V AR A7 A0 AsEths gl folstelol st whebd] T Ao

o7t A7 A7 WEkEs AAS] S s ZF olelelx: XF3 YFol e A

B =Ho] HeostrR, A= X, Y 283 ZF g3 =4 58698 B85 Ao
1A= ARy R

12. AMR A9L 15, 2% 91 3535 54T 5 e Edo] Ad¥duy, GMR A<

L
ol
ol
g
N
2
o
2,
X
ofo
ol
ol
N
o
ot
r°"
_I_4
rlr
>
=
=7
X,

e
o
;‘i
ﬂi‘
L
ol
ol
2
u

14. AMR A9 &AAE AASH= 3]Al= Honeywell, NXP Semiconductors, and

Sensitec GmbH. 7} Qlt}.

15. NXP Semiconductors ¢} Sensitec GmbH7} ¥33dte AA= gt nd o]
Ao 33 Aol H4 5V olatolo} A U wlE @ 24 Li—Ion AlGo Hig =

okl 3= el A Aws AEsh= ek
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16. Honeywell Microelectronics & Precision Sensors

2 FFs

okl

A, FFe e 1™ 2

.

cher

2] AMR Al

Honeywell's Magnetoresistive Components Application Matrix

Design Criteria for HMC Components

Application

Size

(SmallfSmaller/Smallest)

Price

{Low/Lower/Lowest)

Performance

(Good [ Better [ Best)

General Compassing

HMC1022 7 1043, 10521 ] 58831

HIMC 1043 /1022, 10521 [/ 58831

HMCA052L1022,1042/1002

Compassing- Automotive

HMCA022 [ 10521

HMCA022 [ 10521

HMCA1052L [/ 1022

Compassing- Hand Held, GPS

HMC 1022 7 1043, 10521 j 58831

HMC 1043 /1022, 10521 58831

HMCH0S2L [ 1022, 1043 f 58830

Compassing — Mobile Phones
& Consumer Electronics

HMC 52830

HMCSs283L

HMC5883L

Attitude Reference

HMCA002 [ 1022 (1043, 10521

HMCA002, 1043 f 1022 /10621

HMCA052L f 1022 [ 1002, 1043

Metal Detectors

HMCA021S [ 1041 2 [ 10521

HMCA021S, 10442 /10521

HMCA0218, 10412, 10521

Vehicle/Traffic Detaction

HMCA021S [ 1041 Z /10521

Current Sensing

HMC 10215 / 10521

HMCAD41Z (10215 10521

HMCA052L [ 10442, 10245 /1001

Vertical (Z- axis) Sensing

HMCA001, 10212, 10512/
10412

HMCA001/10512ZL, 1051Z¢
10212, 10412

HMC1051Z, 1051ZLA021Z,
104121001

HMC 1504, 1512

HMC 15121501

HMCA501,1512

Last digit in part number suffix denotes the number of axis on the sensor.

¥ 2-8 Honeywell A71Al4 ALY uE

Pasition Sensing
17. AZAP} FH3=
e 25 BY 50

Y
R
rlr

r
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19. Honeywell®] 102X, 104X, 105X Series? A3 HEA 102X AL 153
2% Rdvto] FgEI QoA 3FS 7185t Qe AStellA 4 uidoln HA H

S 27 p Gaussoldl, ZH=7f

ol

917} 10 ¢ Gauss ~ £6 Gauss o], &

Al

4.0mV/V/Gauss® Y& Awlst A% o ZHdof vjdH},

20. 104X AL 253 35 2do] FgH™, AX M7l 10 Gauss ~ *£6

Gauss °lH, Bal5S 120 ¢ Gaussold, e+ 1.2mV/V/Gauss® 3ot

21. 105X A€ 15,25 193 35 Edo] a9 Y, AA HY7F 120 # Gauss

Fri

~ 6 Gauss oY, Bl 120 ¢ Gaussol, == 1.2mV/V/GaussZ 435}

23. AAZTAA e A=A A A7l o8l A7) 323} (Magnetic Saturation)
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o WAt AVNE 4 BT FHZE FAE 5 Q= olE S5 s oI

o
O

ol = & oy 9F ANES AL 5 e dRelA olE wlastr] fs8l

0% F/1UT Set/Reset’]s& BAA7E Webe AR T, Hwol Hrhaort,

ol

0%
~
=2
o
22
»r
o
~
(e
2
e
)
r (o]
ko
Px
rlr
—
()
o~
<
X
e
%
—
(@)
(@)
>
X
e
o
=
offt
DX
o
L

v}, USN B& Al A&

a9

AMre=ep AlE 7o) F41s 913k USN Ea2 T AA873 stellA A7 w9 5

o

ofof &fm, AYALRANMLE wiH g FE AL AHEH= AAE o2 USN BES o= 4
%3 A3 Radiopulse AFS] MG2470& A&l o] AAstty A2S Yok A& it
Sl o

1. Digi AF¢] XBee—Pro ZB

2. RF Techwin AFe] iRF2400SMG

3. Radiopulse AF2] MG2470



2.USN &4l ZREZR @o] du¥H= 2o% 94 Zig—Bee, UWBE 7EF &

A,

3. Zig—Beet IEEE 802.15.4% 3F<ko] A o] 9low, I[EEE 802.15.5 %%
PHY/MAC #lo]e] 7Ite R 49 Teeds &85 743tst drie] Fd8ael 4
get Ao defA 9lor, 802.11.X, IEEE 802.15.3 HR—WPAN, Bluetooth .t}

T SHeld B sttt ofxe F/4A dEs AT Ao AE W] RE

4. IEEE 802.15.4+= PHY A& MAC AFCl 2 FAEY PHY AS Z# U9 F
o 7]+ 133 Byte ©]1, 35 )92 2.4 GHzola, 219> 5MHz (A2 16

=

K

et

T Ao, AHEHE= 250 KBps ot}

tlo
Mo

_86_



MAC Layer
PD-SAP = PLME-SAP

(PHY Data Service access Point) & {PHY Layer Manaa{ment Entity SAP)
\'\.’JJ‘

PHY PIB

(PHY Information Base)

PSDU

{PHY Service Data Unit)

e PLME N
{PHY Protocol Data Unit) Sub Iayer ED, CCA, el

ED{Energy Delection)
CCA(Clear channel assessment)

38 2-7PHY X

5. PPDU (PHY Protocol Data Unit)

Reserved 1bit
—¥

k32 bit—sfe— g bit —oJls bt

PHY
Preamble SFD PSDU(PHY Service Data Unit)

Header

6 Byte 5 0-127 Byte — 1

+ SFD(Start of Frame Delimiter)

J%8 2-8PPDU X

Preamble : 32 Bit (%73}

A AA A& 8 Bit

[d

PHY 39 : 8 Bit (PSDU #o°])

PSDU : 0~1016 Bit(127 Byte)

6. IEEE 802.15.42 dwtd o2 4 F79 2y Y2 7FA a1 3t} Data Frame,
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Beacon Frame, Acknowledgement Frame 2l12 Command Frame O|C}.

PHY s’nc Header PHY Header MAC Protocol Data Unit(MPDU)
Layer (SHR) {PHR) PHY Service Data Unit(PSDU)

MAC

Layer

7. UWBel s FCCx= =4 F359 20% o)A Ad thdZS 71x1 500MHz ©]4H2)]

¢
2

p

A BB AL BA A% Eoldn 39 sa g

Marrewband (30kHz)
| NB: (Fy = F ) < 0.01F;
EE D129 ASS= HIENE
Eg =il (FCC Part15)
"e ] , .
; s AUR UWB: (Fy-F > 02 *f, Widsband COMA (SMHz)
25
U S ' - ";;;'[;';} """""""
Freguancy (2 < por v

8. UWBE 41% E|7} Impulse FEHIE 7HAH, oJef ZZEF| nla) 9% A=
7V =3, UM W] Tl 1 B dES AA W Zle®E ddA vk T
T 2HEF oA 9o a-y) o] FAdEHE ke Al 7HA AIAES A9 S
o] UWBS A% "¢ W T35 doe 44 Ay A9 Eq Uwrt A5, A



11. 5ol 593 3+ Zig—Bee B8 HFd Faio] oy w9 AFHEE
Rtz 9 =l A8 AbElZE 1o, YE Aol ARl Ao] AxAolTk=
At st o8 Rde AE fider 44 skl
— Digi AFe] XBee—Pro ZB
— RF Techwin AF] iRF2400SMG

— Radiopulse AF2] MG2470

12. Digi AFe] XBee—Pro ZB+ IEEE 802.15.4 #4& &3t AlE Fa5 o
2.4 GHz o], 7FA|# 3t A% Ag+= 90mol1, 4 g A% £xE= 250
KBps ©]1, &%+ —40C~ 85Co|H, A5 4E3}= 913 128Bit AESE A&

at, & AY> 2.7~3.6VDC o|H, A5 AF Aol 205mA, A= FAL Al 47nA
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13. RF Techwin A}F¢] iRF2400SMG+ IEEE 802.15.4 114& =438 AME F3t

F el 2.4 GHz olv, 7bA9 stel A% AdE 100mol, FA A% A% £%

rlr

250 KBps ©|1, A5 A5 Al 30mA, AF5 =41 Alef] 25mA o]t}

14. Radiopulse AFe] MG2470< IEEE 802.15.4 14<% #5381 AME F35 4o
S 2.4 GHz o], 7FA A 3ol A% A8+ 90mela, 4 g A% £ 250
25 —40C~ 85CoIH, A7 dE3stE 93] 128Bit AESE A&

at, & A9 1.8~3.6VDC olH, A5 AF Aol 46.9mA, A= 41 Alel| 16.7

16. Radiopulse AFe] MG24702> &4

i)

JHE 7HAH, Hell 32 MHz X—Tal¥} <F

Hus ddstd Hrz dx 3|2 gl st Fdo] gl
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= o e ]
| e L ! + == oo [F—t-

§— - s I
P =~ e I
S o e = =

- I = ] s E ﬂ wxa [F]
" '1‘-" — R MG247! el
pi——t—Fasa -
e ¥ -

— 1 e
T 1 wvu[R

I — EsfE e f—
L1 EEfEE B =P
Fi L, hif:iirffr; )

17. A7) Z2-elA etelyt B 9 32 MHz X—Tale] 9249 FE9 532 317]9

w9 2},

No | Component | Description Value
1 L1 RF matching inductor 5 EnH
2 L2, L3 FF balun inductors 3.9nH
3 c2,C3 RF balun capacitors 1.0pF
4 L4 RF LC filterfmatching inductor 3.8nH
b Ch RF LC filter/matching capacitor 1.5pF
G C4 DC blocking capacitor 1.0pF
7 Rbias Resistor for internal bias current reference 510K
8 X-tal 32MHz crystal unit (t4[]pgr31rlj116pF}
G C11,C12 Crystal loading capacitors 30pF
10 Covmea rtézli::lu;%l;nal;:s&?c|tnr for DVDD (digital voliage 1uF
11 Com Cecoupling capacitor for AVDD_DCPLA1 1uF
12 Coz Decoupling capacitor for AYDD_DCPL2 1uF
13 Cos Decoupling capacitor for AVDDA 1uF

® 2-9 MG2410 FARE
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8 2-12 MG2470 €5 Ctolol a3

+ AGC(Automatic Gain Controller) ol 2J3l] o]5o] ZAFHEE EFI T2 AEE

20. PA (Power Amplifier)+ PLL (Frequency Synthesizer) 7} Rl EE#H o EH

RF A= & dA 2o AE ghel s T=3oh

21. wlo]~W= PHY &5 tolo] 13 o I19d Zr}h wo]AM= PHY+= O—

QPSK Egeolglef ofsf =5, hddt Ad Arfel s Hxdr

22. x99 AlZFS TX MAC FIFO W9 Aa5 TojEoluA AlZEY, PHY #|&

tolE ¢35 (PSDU) L zH o] o8] Mezow dzuly s, PHY A2 tlolEl &Yl



SFD(Start of Frame Delimiter) &} A5 Zdo]7} gal A, PHY T2 o]y Y
(PPDU) o] #-& ¢t} =% PPDUE PHY ZEE2 9 Hlolg] #Ho|E Aol 25|

g et b A2 DSSS A Eadold e i AriEa, A7lE PHY HIES &

< O—QPSK EEdolgef 93] Wixso] RF $A17]|2 HUxit

23. RSSI(Received Signal Strength Indicator) 2} LQI(Link Quility Indicator) &

710

Rl R e = e o B s I o B A

Demodulator
Viterbi
O-QPsK Chip Symibol decoder
demodulator » demodulator . demapper OR
BYPFASS
5 l
=1
b R
= Frame o
2 detector <
] Automatic =
= gain controller
- |
oe
Convolutional
0-QPSK : D555 chip ‘ Symibol encoder
modulator miadulator mapper QR
BYPASS
Modulator

33 2-13 MG2470 Ho|AHE PHY E5 Clo|o{a13

A1 gkt CCA (Clear Channel Assessment)

WA % AeE
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25. AA59 9353 YA E 5 He FEE EEo o) £3dr). Bler EEE
B22 o53/alE Y 281 3E ZEZHE FAEY, Zig—Beel A ¥E CCM
T X 783 IEEE802.15.4—-2003 ¥%0] A A43F= CTR/CBC T+ MAC/CCM &

=2 A g,

26. PLL (Frequency Synthesizer)< IEEE802.15.4 AFekoll o] At 2.4 GHz el
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A 16 S A, MEe 11H~26HS Fofsirt. A4 T e THe
2 A9
Fe=2405 + 5%k - 11) (MH=)
Register Value Channel Center
Number k Frequency [MHz]
0x0B 11 2405
0x10 12 2410
Ox15 13 2415
Ox1A 14 2420
Ox1F 15 2425
0x24 16 2430
0x29 17 2435
PLLFREQ 0x2E 18 2440
(0x286) 0x33 19 2445
Ox38 20 2450
O0x3D 21 2455
Ox42 22 2460
Ox47 23 2465
Ox4C 24 2470
Ox51 25 2475
0x56 26 2480

E 2-10 MG2470 T4l Ad

27. MG2470 95 AEHOIAE 98 44d& AMSShs SPIE AHEdHh CPUE <

HEo]| A2 E3) MG2470S Aostn, U g 2He| 22 AZdsAY o=

g},
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a8 2-15 MG2470 2|5 QIE{Ho|A

28. MG2470 2709 SPI Qg H ol AE 7HA]a1 glom, A& gFAY e 3
A AA Sof Alg3sit)

29. MG2470& R HFSM (Finite State Machine) ¢ 2] Ao]E T} MG2470L 2%

g Aol o8] =73, B FSMO| Alojo me}t 37l A R=gb g5 4l 75

M

2 MG2470&5 9%ttt MAC FIFOO| 98 &nl¥ 373 dFste 45 Tho] 9iAl

AERrolar, olg= S FAsAY H7ls 7vd = 7 FA RER edH

30. AA] AE] : MG24700] 215 Al o z7|stE W, ZHFSMe AH = FXA

SE7E EH, o] AdEjelld Rl gA AdE ol
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Undefined any state

RESET

DC calibration ON

"
1 Transition state

Channel switching
REQUESTED

PLL LOCKED
AND
PLL LOCKED TX REQUESTED
N AND
TX REQUESTED Lo 0T, T request NONE Generate INTERRUPT

I % f \ TX END
i RX settling | i T settling
. A ) N

- T

AFTER RX settling wait delay AFTER TX settling wait delay

Packet END

Packet DETECTED
Generate INTERRUPT
RX START

Packet
receive

Generate INTERRUPT
RX END

Packet END

Ak 7] 9% ek BN w29 A AY 2EE AL ) AT Yo

32. Al 7] e o] A AEE Has o] fg Uete R HAESY] A
A AdE T MG24700] o5 2l o8l x7]gks T, RRFSMe] GE= A AL

7F =9, o] AdEjelM EE A GHE o

o
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Current Consumption and Timing Characteristics

Top = 25°C, VDD=3.0V, unless otherwise noted.

Parameter(Condition) MIN TYP MAX | UNIT
MCU active. No radio and peripherals (UART1&RNG) active.
@ MCU clock = 8MHz 42 mA
@ MCU clock = 16MHz 5.2
RX mode. MCU active @ MCU clock = 8MHz 249 mA
TX mode. MCU active @ MCU clock = 8MHz
@ maximum transmit output power 365 mA
@@ 0dBm 225
Power mode1.
Digital regulator on, 16MHz RCOSC and 32MHz crystal 40 HA

oscillator off, 32kHz RCOSC, POR, BOD, and sleep timer active.

Power mode1.
Digital regulator on, 16MHz RCOSC, 32MHz crystal oscillator off, 50 A
32.768kHz crystal oscillator, POR, BOD, and sleep timer active.

Power mode2.
Digital regulator off, 16MHz RCOSC, 32MHz crystal oscillator off, 2 HA
32kHz RCOSC and sleep timer active.

Power mode2.
Digital regulator off, 16MHz RCOSC, 32MHz crystal oscillator off, 12 HA
32.768kHz crystal oscillator and sleep timer active.

Power mode3.
Digital regulator off, 1T6MHz RCOSC, 32MHz crystal oscillator off, 1 HA
32kHz RCOSC(32.768kHz crystal oscillator) and sleep timer off.

Wake-up and timing

Power mode1 =+ MCU Active
Digital regulator on, 16MHz RCOSC and 32MHz crystal 5 us
oscillator off. Start-up of 16MHz RCOSC

Power mode2 = MCU Active
Digital regulator off, 16MHz RCOSC and 32MHz crystal oscillator 100 HS
off. Start-up of regulator and 16MHz RCOSC

MCU Active = TX or RX

Initially running on 16MHz RCOSC, Added start-up time of 992 us
32MHz crystal oscillator.
TX/RX and RX/TX turnaround 192 | us

¥ 2-11 Basic MG2470 A8 AR 9 A7+ EA
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1Gbits
100Mbit's : -~

10Mbits

1Mbits

100kbit's

10kbits C
1kbits

2mW S5mW  10mW 20mW 50mW 100mW  200mW S00mW 1000mW

Building
Automation

. Horne
ZigBee Control

ad-hoc 2|g2F
HHU ERZ

FHIFE 2~

Ad-hac HIEHZ

Metwork

12| 2-18 Zig-Bee @ 7|=

33. Zig—Bee 9] it A vl 50 =2 UWB(200m) / WLANW) el s}
of "Wl SE sEolH, Zig-Bee g@lolH AA= vhAE FAENEH £E0] 2

B e AA olHEC] o3 FAlsk= Ag-olwk A Aol o]Fo] A

(0

rot

=, H

o wiH e FFor A 2~ 3 d FLE AE Thsdtths Aol Sith
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34, 2Rk s o] g e Faoz AUz kg Aoz &8st Aox A VE
Qo] =4 TFEGA|Ql Zig—bee Allianceo| A+ LPR Group¥ Battery—less SGE
Z&) A48 o985 (LPR, Low Power Routing) 714 % Zig—Bee Batteryless 7]<

o A7 Y ¥E Al whAE shekn

=

x2

35. WSNE §3t MAC Z2EZL2 FAFA A oyA] Eu]|E dAYAT]= 4 7HA]

[¢] =

T8 22409l collision, overhearing, control packet overhead, idle listeningS 1.9

st A demA AdEHS AL

= e
Wireless Sensor

Network MAC  /
Contention- Schedule- .
based based Hybrid

LEACH |EEE 802.15.4
SMACS Z-MAC
¥ ¥ TRAKMA
Synchronous Asynchronous
S-MAC WisaMas
Adaptive S-MAC B-MAC

T-MAC X-MAC
D-MAC

DS-MALC
R-MAC

DW-MAC

8] 2-19 Wireless Sensor Network MAC

36. A A UMEYT MAC Z2EF &7
36—1. A 7]¥dF(contension—based) 2]
— AR 718 ¥w2lo] MAC TREEZL YEYJIE FASE =552 57|31 of o

wel Br145 wEs 0w 2R 5 9



S-MAC o T-MAC » DS-MAC v A (D
INFOCOM SensSys IPDPS
2002 2003 2004
Adapliva .
"L_S-MAC »  D-MAC » AR (2)
IEEEFACK INFQCOM
TRANSACTIONS 2007
On
MNETWORING
JUNE 2004
R-MAC DW-MAC | —— W (3)
INFOCOM MobiHox
2007 2008
J8 2-20 Y 7leto| 7| MAC Z2ES W oty
Listen
Mormal
Listen Lislen Lislar Lisban
o e L sle—3 e 3|
Sleep Slesp Slesp
3-MAC
-
TA TA ) TA
o el —| ol
T-MAC Sleep Sleep Sleap
-
Listen Listan Listen Listen Listan Listen Listan
— = &= &= k=] &= &=
DS-MAC

— & (1) 9 S-MAC, T-MAC, DS—MACS. = 3+

M
ZEZL xolF F7] 2L E3 Idle Listenings 0]+ AL F9o =Zuz

91, DS—MACE Idle Listening 4 o}z E =
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she] AlQke 9l e,

o

— 2180 (2) 9] Adaptive S—MAC, D-MACE 4 & A4 ALy 24& 1% x4

arefste] Ak A

- AP () MAC ZREZS 558 UESA 4L 273 D-MACH v=7

9499 ARE b Ao AR AHgstel W F A5 AT itk

WiseMAC

SenSys
2003

B-MAC |——— X-MAC

Sensys Sensys
2004 2006

a2 2-22 B4 7|etol HISZ|A MAC ZR2EZ UH By

st g ALl AEE ERlste] preambles AFdE wT7F QlEA T

N
ki
o
i
N
N
2
k)
R
)

A S sampling %t} preamble sampling 712 A =27

oJ1}A preamble sampling= d17] W&ol 4129 idle listenings =9 4 St}

o
of
ZOL_V‘
1
2

— WiseMAC? FAx-EE= A =7} 7§o]ubA] preamble sampling
i Z) €] idle, busy AFE ke = AFAMA 7RI A mE7F Aojyr] bp
2 o]H preamble AES AZF3t B-MACS $A =7} 71 preambleS A%
5t 2 ==+ 7 sleep 772 7FA|+= LPL (low power listening) duty cycle 7]

HS Aokstth X—MAC LPL 7|He #AE 437 9l &2 preambled}
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early ACK HWA|A| & A}g-3t},

36—2. 2#AE 7|Hk(schedule—based) 42

2AE 7INF A2 TDMA 348 7ite® w=go] @3y sloto]l Aoy A5S
A% sk Welth LEACH T2 EZe SeAY Y gy TreFo] 534
TDMA 7]Rke] L2 &3 o]t} SMACS+= neighbor discovery 7% 3 TDMAE A3$
3t MAC T2 &322 LEACH MAC L2 EZ9| cluster hierarchy e ¢ T2 flat
FHE EZEZAE Tt Y F geEe Adeh & gho] @ HaE A
Jsled F& ol $410] 7H538kt) Hidden nodeel 93 T&S J3t7] ¢8| ohe

e AQdS o7 sttf. TRAMAE o] % =&

1o
o
22
o
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N
rEN
o
2
1o
=1
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o
of

A P % wE ARE A FEE Al A 2907k B wmEh Al
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T
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e
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by
o
o

36—3. 3to)B gl = (Hybrid) 2]

— AAZINE YA AAFE N S 25 MAC X2 EF ot}

I

g S92

i)

o

5 27 49 9, dol $54le] o] £l active T

7F} =EE50] sleep 3l inactive 77FC® FEFETH Active 77 2ol A28}

o

= ZAATFZF(contention access period) ¥ TDMAS} o] dX 574 tjnlo] A~ AE

o] A& Agole £Fol Auglel AL Ba LS A5y, Aol we A5l
t e Reld 4L Bal AYS g5an

gaL sfojug = WA o g i AUty 2 a2 s AYa 3led, A
¥ FA A MEHIZE A3 MAC Z2ZEF2 UEYIY 47 2 ot
U2 Aee 7T olef go] ZrEZ A Ao 7|E9 A&, Ao 544 AlA
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HEYAE 938 MAC ZR&EF ojojyjo] 27 e o Axyg MAC Z2E

& st feiAlE A BAedA AVEHAY A, 1Y &, dF Ad, HEE

Mad A4 59 @43 55 nsthd EAAS HAige mREZE A A"

A& 7 gttt

Ab HHEI ] AMF HE

AXEE F8H7] SEA oA B> B2l ARtoln], H&o] A=l 54 A 9
oAy Fgol At oA ofux] Fade dEe Jdd] Fas ouE sixin o
of Al Aol FHEH= theket v AR oF 2UE AES A MFARJ] FHol Vs
ol o] Ade 2ol ALY 1A R =R o] FFdhe SB-C02E AE3l=
Aol AAsitty Ae8s Wit AE S oS3 2t

1. 9z A9 F7

2. oA} AA 9 FTH

3. #HlE AA

— Xeno Energy®] XLP—060F
— H]|=2 49 SB-C02 & SB-D02

AE WE&s destd o33 2ok

L AIAEE A2"e QoA A F3 7oA ofF S QAaEA, AlX

ol Fzto] Fasdt oyx] FHAozA Y o Al QF oURAE FH 5
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s ol fE ouA| W) motof . ole thaFdh WA Adel uidk HEVF FQ
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=1 Lﬂ_%%‘}iﬂ'%
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=

A= spehd Ay EedA], SA wheh 1aF A, 22F A, QFdAR Yarth

3. 12 A= 3 dAdA], Sk AHA, Button® WA (AFs2 WA, F7]okd A
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g 2E A

a7, 19 2Ed
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E 2-12 AX 9 43
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SHEIOILI A= R 6L AR HSkA|3 . . y s

i ?1%|-|§)|\.|E @51311210“ HDFZX‘!O: StrA|2] p-nEErE 01251 3=
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AL ol 77 8§38 A7 F8 AE A olth. A4 I EH Xeno Energy?]
XLP-0602 Zo]7} 50.1meoll 23L& 14.5me 715 7Fw 4" AX 9 Sxp=
470 ol AY 8707F A Qskar, == Al SB-C02% Zol7} 50.5mel #7342 25.6
me 715 7AW AA 9 A= 1] olAY 2707F B estar, nxg A9

SB-D02+ #Aol7} 59.7mell #742 33.8me 715 7HAH ulgE dxe] £t

rlr

1707F 2 2.3},

i 2 AQ 5 Vi A= 710]

Xeno Energy® XLP-— 47 50.1 14.5 58

060 871 50.1 29 58

_ 178 50.5 25.6 25.6
H| =2 Ao SB—-C02

270 50.5 25.6 51.2

H =2 Ao SB-D02 170 59.7| 33.8 33.8

¥ 2-14 A PE AigE 98 13

8. ¥F9 Fy= W yo] X ¥o] = ¥x& X HHAF X 3.14 X Fo]2 A, o] &
A& Agst o AF Ak oshd viEEE $% ¥3FoZ A 25,980mmol A
A 84,268mZ 5k, @ H7]= 7F2 59.7 + 10 mm, A= 29 + 10 mm 18] 1L

Zl1o]= 58 mn7} & Q3shct.

2 9% TN AEY AR FAs FERTE Fol 15 mE AFgHE A
#

QT A7+ 7F=E 59.7 + 10 mn, A= 15 + 10 mm I

10. AAl &7 A Ao Fal= F7He] A7|= 7FE 70mm, AlE 40mm 283 Zo]

|

120m= dEn, o] y3ell= o3k F3te] EdEo] gloy, dA =Ed 7

2
Y
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19. &
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frlol BAETE AL 49 d 5 Qv ol sidshr] A

e A Aol met Qo) WAL, obg Y FAY el
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= 9FE FES, oF 49 Fde AdsiAd Add = glu

F-2 WEdves A2 9 dd EATF ofyth dRkAor 3

2o AEEE Heat ThinkE Auard 2719 49 9 f%0] Aadre nae

T AL, gAY AdS d Aol w2 =dR Audnid AA AdEtelA Wi
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ofe W A A FAl= oF & el wlshd AR EARs ddel R 4
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20. A9 A7]= o2l 7HA SHelA dde] Kottt iR 32 9 e E 9

& 3t B FARSE 1HEUE 295 Fve dFola, RR AES Haskst

7] SN Hers felstths Swo] gtk ole] $AHC

8 | 2 ] &d | 2&E
20| §B8 |d& 5Z20| |8IE | FE |d&E

inch | mm E inch | mm

1 28 355 35 | 280 |40 31/2 | 89 360 40 280 |40
11/4 | 32 360 40 | 280 |40 4 110 |390 70 280 |40
11/2 |41 360 40 | 280 |40 5 127 1410 90 280 |40
2 52 360 40 | 280 |40 6 160 | 410 90 280 |40
21/2 | 64 360 40 | 280 |40 8 205 |410 90 280 |40
3 76 360 40 | 280 |40 10 254 | 440 120 | 280 |40
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T EFagel=
Ll 1.2
A7 = (ke/cm) 650
NG EE (%) 100
NG E (ke/cr) 22,000
FAE (oFe] 2= 2]1/8IN) (kg.cm/cm) 90
A (249 M) 75
AE (R4 R) 120
AW 2% (18.6kg/cr.C) 135
A8 %4E (em.cm, C) 7x10
FF (%) 90
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Polycarbonate®] 7

<A} T & Fx Wl Fre oA E>

[ [T 2 oIt s
S\ &= MPa(Kgf/cmz2) MPa(Kgf/cm2) (%)
/l + /] -+ /l -+
1.0 63.3(645) | 61.8(630) | 80.4(820) | 70.6(720) | 114 128
2.0 67.2(685) | 63.7(650) | 81.4(830) | 73.5(750) | 111 133

3.0 66.7(680) | 66.2(672) | 78.5(800) | 76.5(780) | 122 133

4.0 66.7(680) | 66.7(680) | 76.5(780) | 71.6(730) | 132 133

5.0 67.2(685) | 66.7(680) | 72.6(740) | 73.5(750) | 119 135

6.0 67.7(690) | 66.7(680) | 72.6(740) | 73.5(750) | 119 135

8.0 68.6(700) | 67.7(670) | 66.7(680) | 71.1(725) | 117 132

10.0 68.6(700) | 68.6(700) | 64.7(660) | 59.8(610) | 110 110

¥ 2-17 Polycarbonate® 7%} A=
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R1/8”, &E3UXNE 1/4”

oY BAAC
(ASTM D1822)

S M (mm) =AHAT

3.2 90 kg.cm/cm2

3.2 270~330kg.cm/cm2
3.2 280~330kg.cm/cm2
3.2 250~300kg.cm/cm2
1.6 500~550kg.cm/cm?2

¥ 2-18 Polycarbonate? F41¢ FAA=

32. ZCIIEUI0IEL Al §4
1201
HEWW ASTM D25
5 100 r8-1 o
il 21 3006/ ol
i B0 20k
H =
E-,’u ~ & 1.5
-3 ]
N § & L 2 200k/ i
Wi [T
g o
& Lsrr E& 100kl
1] 1 1 1 1 L 1 I 0 i 1 L L 1
1] 2 4 [ & ) g 12 ooy o1 i ] 100 lo0o
MBS FH(m) Al ZH hes)
135 Polycarbonate] 0j0lEC S244s 0| SH 2=y 218 6. Polycarbonale®| 23T 0 201A 32|z §4
250 25
E& 200u/d
2.0 | S
% 15k S 200he/ 7 5k
o in =2 100k/d
-2 i B2 100ke/ b = ,F
osfF a5k
9 0.0i ll‘.i ; I:J 160 ID’DO ! 0o o 1 1] IEI:I 1!.';:0
AMZHhes} I
2 7. Polycarbonate®| 60°CH 204 32|12 §4 88 Polycarbonate?| 1000CH A 32| EH
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33. Y 7FR Y| EY] Fet4 54 (FAFIE)

EZE7tR YOl E Frgate] g ZpAFol A FHFRELS 80~94% 2 M 300nme] 3]
A2 A Tk oA 290nm Ftoll A AFel e o)s FAksink-go] Y
ojuf A3}t &= AN Polycarbonates ©]8] 3t @8 B ekslr] fl&] Ede] UV
TOoE AYAIA ALl o5t AFE E44E A AdsilEyTh

w}2bA] Polycarbonatet= 8¢ L3 =59 FHEE Zt33 QoA T HHF

o] $4at1 v H 9w wolFL
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AT e O SH(C)
(C) ots .| ot= :

4 .6kg/on 18.6kg/cnt
-— 0 ——
Zy7tR Yol E 153~156 145~148 134~138 240
UAE 6 30~49 158 68 224
PBT 20~25 150~160 60 224
HDPE -21~-24 60~82 43~52 125-135
Zyzg4d -10~-35 99~110 60~70 160-170
ZE g gz ol E 70~90 105 70 160-200
g oret 10~20 158 120 160-170
H A PPO 140~150 133 114
Zy g 80~100 49~97 66~91
Zavelad ol = 60~105 74~99 71~91
e dsind 70~80 54~74
ABS 70~-105 74~107

e | | | |
X 2-19 FXE 38 A

34-2. HA5 5 S

Polycarbonates A4l o] AX Y2 Wele 2Ewste] A= 71d &

¢

S8 T3 2> K vhel o] tids] gadt Ay BT o] wet A

P

A9

]
-0.20
-0.19

JISK6735

AN e

E 2-20 7ME€55E Bm7|d)

35. Z7huo] 29 74 =4

Polycatbonae & 7|54 & dAdda] doto] & 3 AAARIH. 53] F3



<475C 475~500C 500~550C | 550~1000C
CO: 90 60 133 997
—_—
CO 10.3 14.6 60 248
e e e e
Ol € 2.25 2.48 5.69 3.75
J|Et 0.64 1.67 2.70 2.19

E 2-21 &+ &% HY oA Polycarbonated AABAE(EY : mg/g)

- 128 -



1.-——-"’3 107p" 2a \n
. o
i a ) !
E i "‘ u\.
5 4 : o b &
: o= - “ Irl.': \
Lo h q.__a.___:_:'_;.-——ﬁ - & % ’
L . = L
1 3 3 1 10 -
ERUY) 0 i 3 1 10
a3 gMs(ay-1) s IR FRE 0 FRusy

Y3 141588 | AL ommUVARIME
o :1.0mmysHE ( ):UE Som/m/8
O:1.0mmAH MEHE | J|eis 25m/

A3 OmmUVA2IM B
O:30mmyUHE

a8 2-30 ZE2[7HELI0|EL| Ho|T

38. Eelzhrvlol 29 WFy 54
~ Polycarbonate &= ZEH O $58 UFHS AU Yot Seagel] oul

Rl 54 qeE Bael YFHS FPAAFUL GA RA/E ATE L F7)

o

QL ABAALRY AN ERAG A3t 959 FEAF vste] wrk 58 U

e

o
ul
=
i)
ol
b
ye,
=4
e
b
=
oldt
i
b
ol
2
x
o
N
S
||
o
ftlo
bz

£

N
rr

2

i

S

ul

— KSF 2274 Ws& (AAEQl Fpo}i ofol 5) ARgo] 23 600A17F ol thalo]

471 Ws7E A9 1o 1000A17E o] 5 Ejkde Aol o3t FEelr Hix e

Aslr =2A AAgel wet Borgae] kel o o

[e2

Fo] Selgthd gl UVA

JFL AHEstolok ftk.

— Polycarbonatet= A4S thgko

=
T xS Ee ofsto] AlEe WarHEkE A 5 ol



vl A Aol 93t Haze(EH3H) S %=

==
>
r
)
o
=
k)
T
>
oo

il
2
a
R
>
e,
tlo

A Esto] ARg-Sh.

Hazell Z=JH%)

AElate A .
Hard Coating
Polycarbonate Glass Acryl
P.C
]
SHAFAIE ASTM(1) D673-44 5~15 5~15 10 43.3
]
OI2 A ASTM(2) D1044-56 5 3 1 18.6
]
HEE T JIS K5400 H 3H 9H 2H

¥ 2-22 PolycarbonateA|E Q] nfRA|Hef 2] HazeW 3}

%) (1) #80SIC, 1000g, (2) CS-10F, 500g : 1003]
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32. d=20Is2 =22HLEE
A &l aT g0
< = (90, 096 wi)
HAtH= 13
AR 26. 9815
AR A (o Y/ AR 20T (nm) 0. 40496
20 2. 6984
al 3
2= (g/cm?) 700 =
g H (0 660. 1
HE () 2520
SHCE 25T (W/m-T) 238
R 207 ~1007C(/C) 24, 58X 1078
100°C ~ 300°C(/C) 25, 451076
ZEE Al (kN/mm32) 70,6
T CE Bk A==k mmE) 26, 2
SREEES0 e o) o1 9
660°C 24
HI A Zugem) 20°C 2,6048
20
AEte] Zx AlT0T) 4, 1073
EE AEEHMY k) 9, Q010718
FAZ(H/m) 1. 26X 107
A= 260nm
HEAFS(%) A= 500nm -
A= 2000nm -
37 = L= =}
% 2-25 &FvwY EYAA
= -
33. &Fu|ge 7AAANA
o 2~ 37
AlS] 71AIA AL 1 AR v -7 E

PE =T ¢F05
(99, & wi)

0. 404

2. 71
2,373
~6B0

225(HE)
23, 51078
25, =108
68. 6
25,7
SU(EE)
5B E)
20
2.922(3&)
3.025(32)
4. 0x1073
9. 89x 10715
1. 261078
87
90

97

2

Atk 57k £35S Ado] Hnl, BEE F EAUL 8 Fe, Si Cu 59 @
ueh o] Watath Snly AU %2 90 dwe ANAH 44E el B
A g,
A =2 =z E I & & (kgf/mr) | LHE (kgf/m) A& E (%)
0 5.5~9.5 1.5014 156~35

H12 7.0~11 5.5014 2~8
A1080P H14 8.5~12 6.501& 1~6
A1070P H16 10~14 7.501& 1~4

H18 1201 &t - 1~4

H112 7.5~5.5 3.56~1.5 13~25
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oA et RulF RS B Hel X 9 & FAS 2AA 29 AxAYE 1A
st} HlA A EFrulg s AXdE s tha2 2ol FAISHH.
2t =3 | Nominal Composition e
|
CulMn [ Mg Cr B
1080 99.8% Min. Aluminum |ZIT = SABF D, ®7| |HEARR, ZEHI| S, AR
1070 99.7% Min. Auminum |[M 2 == d8d, 8 |5 22y &ETank =™
1060 99.6% Min. Aluminum [E4, UjAlE S M=
1050 99.5% Min. Aluminum
1020 Zr=HndE Hel,  |YED|E HAEEA H©
99.2% Min. Aluminum |-83d, 28d, WAl (22|17 220, 2|E
24T ZEE gyot= H4YE
1100 99,0% Min, Aluminum
ZtE= 1100 £C <F7F  |2ekE2|E dSEA.
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5005 - | - 08| - |ZE DAY & |PIM ZEl8 0P Y
4, JIEEYs Bt = =
HHO| Oledsta 3003
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gH=2Ae bl il ANE
i i i i Cpz ==
SITHEEN] Semneis | svenan | meiess | doak, | Z5ES; | B22s,
(Kat/mm2) | (Kat/mm2) | (1.Bmm %)
1070 -0 4.5 7 37 18
1070-H14 8 1 g 32
1070-H18 15 16 5 38
1050-0 3 8 39 20 6.5 3
1060-H14 10.5 1 10 32 7 35
1060-H16 125 135 g 36 8 4
1060-H18 15 16 7 40 8.5 5
1100-0 3.5 9 35 23 6.5 35
1oot-H1Z 10.5 1 12 28 7 4
1100-H14 12 125 =] 32 75 5
1100-H1E 14 15 =] 38 8.5 6.5
1100-H18 155 17 5 44 9 6.5
1200-0 4 95 38 23 6.5 35
1200-H14 11.5 12 =] 32 8 5
1200-H16 13.5 14.5 =] 38 8.5 =]
1200-H18 17 18 5] 44 9 5]
3003-0 4 1 30 28 75 5
3003-H12 125 135 10 35 8.5 5.5
3003-H14 15 155 g 40 1o 6.5
3005-H16 17.5 185 5 47 10.5 7
3003-H18 19 205 4 55 1 7
3004-0 7 185 20 45 (A 10
3004-H32 17.5 22 10 52 12 10.5
3004-H34 20,5 245 3 53 125 105
3004-H36 23 265 5 70 14 1
3004-H38 255 29 5 77 15 1
5005-0 4 125 25 28 7.5 =
BO05-H12 135 14 10 2 10 »
BO05-H14 155 16 a] o 10 ”
BO05-H16 17.5 185 5 = 10.5 »
BO05-H18 185 20.5 4 = 10 =
E005-H32 12 14 11 36 11 o
BO05-H34 14 16 g 4 10 ”
BO05-H36 17 185 5] 46 105 ”
EO05-H38 19 20.5 5 51 1 =
5052-0 9 185 25 17 125 11
BObZ-H32 185 23 12 G0 14 12
BObZ-H34 22 265 10 G5 15 125
BO0RZ-H36 24.5 28 g 73 16 135
BORZ-H38 26 295 7 77 17 14
B0BE-0 155 23.5 & G5 185 14
BOBE-H18 41.5 44.5 = 105 24 155
EORE-H38 35 42 = 100 225 155
5083-0 15 295 5 5 17.5 5
B083-H321 23 325 = = = 16
B086-0 12 265 22 . 16 -
B0BE-H32 21 295 12 . . -
EO0BE-H34 26 33 10 . 19 -
BO&E-H35 13.5 275 14 2 2
50860 55 125 25 30 8.5 6.5
5036-T4, T451 15 245 22 25 17 10
B036-TE, TER1 28 31.5 12 17 21 10
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CufmMn | Mg Cr
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TS E Yield Tensile Ellungatiun Brinell MR Izds
Strength Strength thickness Hardness | (Kaffmm2) | (Kgi/mmz)
(Kaffrm2) | (Kat/mm2) | (1.6mm %)
2014-0 -T4, 10 19 = 45 125 9
2014-T4A51-TE 29.5 43.5 = 105 26,5 14
2014-TES1 42 49 i 135 29.5 125
20170 7 15 3 45 125 9
2017-T4, T4S1 28 43.5 o 105 26,5 125
2024-0 8 19 20 47 125 9
2024-T3 35 49 18 120 29 14
2024-T351.T4 33 45 20 120 29 14
2024-T36 40 505 13 130 29.5 125
BOE3-0 5 9 o 25 7 5.5
BOBE3-TI1 9 165 20 42 10 6.5
BOE3-T4 9 175 22 2 2 =
BOE3-TS 15 19 12 G0 12 7
BOE3-TE 22 24.5 12 73 155 7
BOE3-TE4 245 =) 9 8z 155 i
GOE3-TS31 19 21 [l 70 125 o
BOE3-TE32 275 29.5 12 95 19 =
70750 10.5 225 17 i 155 £
J075-TE, TER1 47 535 1 i 325 i
% 2-32 @49 EFvad=y 7144 54
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PIC18F87J50 FAMILY

28.0 ELECTRICAL CHARACTERISTICS

Absolute Maximum Ratingsm

Ambient temperature UNAEr DIAS . ..o e ~40°C to +100°C
Storage IeMPETAIUIE ...ttt e .. -65°C 1o +150°C
Voltage on any digital only /O pin or MCLR with respect to VSS (except VOD) ... -0.3Vto 6.0V
Voltage on any combined digital and analog pin with respect fo VSs (except VOD) .o vever e -0.3V to (VDD + 0.3V}
Voltage on VDDCORE wWith respect 10 vV SS  e -0.3V to 2.75V
Voltage on VDD With TeSPECt 10 VS e 0.3V io 4.0V
Voltage on VUSB With respect 10 VES e (VDD — 0.3V) to (VDD + 0.3V)
Total power dissiPation (NOTE T ) e 1.0W

Maximum current out of Vss pin

MEXTMILM CUTENT IMED WDID DI ettt et e et e e e s et e e e et e e e e e e e e et e s e s
Maximum output current sunk by any PORTE and PORTC /O pin

Maximum output current sunk by any PORTD, PORTE and PORT.J YO pin

Maximum output current sunk by any PORTA, PORTF, PORTG and PORTH VO pPIn ... 2 mA
Maximum output current sourced by any PORTB and PORTC VO PIN oo 25 mA
Maximum output current sourced by any PORTD, PORTE and PORTJ WO PIN ..o 8 mA
Maximum output current sourced by any PORTA, PORTF, PORTG and PORTH VO pin ..., 2 mA
Maximum curment SUNK By all OIS e 200 mA
Maximum current SOUICEd DY 811 POTES ... ettt et et ene e nen 200 mA

Note 1. Power dissipation is calculated as follows:
Pdis = VDD x {IDD — T [0H} + T {(VDD — VOH) X 10H} + (VoL x I0L)

T NOTICE: Stresses above those listed under “Absolute Maximum Ratings” may cause permanent damage fo the
device. This is a stress rating only and functional operation of the device at those or any other conditions above those
indicated in the operation listings of this specification Is not implied. Exposure to maximum rating conditions for
extended periods may affect device reliability.

18] 2-32 PIC18F87J50 Family ®7|% &4

6. PIC18F65J50> CPUS 7] 7]o st A 7tAg & F3 olyA AMES A7t

= WHES $93%t3. 2t Run Mode, Idle Mode Z28]3l Sleep Mode

- Power Management Features:
- Run: CPU on, peripherals on
- ldle: CPU off, peripherals on
- Sleep: CPU off, peripherals off
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OSCCON<7,1:0>

Module Clocking

Mode Available Clock and Oscillator Source
ipLen | scsi:scso CPU |Peripherals
Sleep 0 NA Off Off MNone — All clocks are disabled
PRI_RUN N/A oo Clocked| Clocked |Primary clock source (defined by FOSC2:FOSCO);
this is the normal full-power execution mode
SEC_RUN NIA 01 Clocked| Clocked |Secondary— Timer1 oscillator
RC_RUN N/A 11 Clocked| Clocked |Postscaled internal clock
PRI_IDLE 1 0o Off Clocked |Primary clock source (defined by FOSC2:FOSCO)
SEC_IDLE 1 01 Off Clocked |Secondary — Timer1 oscillator
RC_IDLE 1 11 Off Clocked |Postscaled internal clock
Note 1: IDLEN reflects its value when the sLEEP instruction is executed.

7. MicroChips AF2] PIC18F16J50& 92 =
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HMC1043
SPECIFICATIONS

I(Zharacteristics Conditions™ I Min [ Typ [ Max [ Units

Bridge Elements

Supply Vbridge referenced to GND 1.8 3.0 10 Volts
Resistance Bridge current = 10mA
per bridge 800 1000 1500 ochms
measured Vb to Vss 265 333 500 ohms
Operating Temperaturg Ambient -40 125 “C
Storage Temperature Ambient, unbiased -55 150 ‘C
Humidity Tested at 85°C 85 %
MSL Moisture Sensitivity Level 3 -
Field Range Full scale (FS) — total applied field -6 +6 gauss
Linearity Error Best fit straight line
21 guss )
+ 6 gauss 1.4
Hysteresis Error 3 sweeps across +3 gauss 0.06 %FS
Repeatability Error 3 sweeps across +3 gauss 0.1 %FS
Bridge Offset Offset = (OUT+) — (OUT-) -1.25 +0.5 +1.25 my/v
Field = 0 gauss after Set pulse
Sensitivity Set/Resst Current = 0.5A 0.8 1.0 1.2 | mVM\/gauss
MNoise Density @ 1kHz, Vbridge=5V 50 nV/sgrt Hz
Resalufion 50Hz Bandwidth, Vbridge=5V 120 ugauss
Bandwidth Magnetic signal {lower limit = DC) 5 MHz
Disturbing Field Sensitivity starts to degrade. 20 gauss
Use S/R pulse to restore sensitivity.
Sensitivity Tempco Ta= -40 to 125°C, Vbridge=5Y -3700 -3400 -3100 ppm/°C
Te= -40 to 125°C, Ibridge=5mA -1000
Bridge Offset Tempco | Ta= 40 to 125°C, No Set'/Reset, +1 gauss +700 ppm/®C
Ta= 40 to 125°C, With Set/Reset +10
Bridge Ohmic Tempco Wbridge=5V, Ta= 40 to 125°C 2100 2400 2700 ppm/®C
Cross-Axis Effect Cross field = 1 gauss. Happlied = £1 gauss +0.3 %FS
Max. Exposed Field Mo perming effect on zero reading 10000 gauss
XY, Z sensor X toY sensors 0.01 degree
Orthogonality XtoZorYtoZ 15
Set/Reset Straps
Resistance Measured from S/R+ to S/R- 1.5 25 3 ohms
Current 0.1% duty cycle, or less, 2usec current pulse| 0.8 1.0 B Amp
Resistance Tempco Ta= -40 to 125°C 3300 3700 4100 ppm/°C
Offset Straps
Resistance Measured from OFF+ to OFF- 10 13 16 chms
Offset Constant DC Current 10 mAigauss
Field applied in sensitive direction
Resistance Tempco Ta= -40 to 125°C 3500 3900 4300 ppm/°C

* Tested at 25°C except stated otherwise.

7| 2-33 HMC1043 Z7|& At

9. AZ71 A HMC10432 3Ve Aol Set/ResetE 913l Hdh 1A AFE 2us
& AHEShH, OffSet= st A Al 60mA/6Gauss= Abgshodl 34 2=

Offset 7|52 AR&3HA o P 2 Offset AME AUA= FA] 3T
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11. Zig—Bee EEL AAxEoA EAL Tt}

2 fFA%HE £ EventZt Q& A¢ §Als 3

12. Radiopulse® MG24702 FAIEE=2] A 16.7mA2]

%89 w 17.5m9 AF7F 233, +9.1dBme &9

4.2. Recommended Operating Conditions

JEj ol Sleep ModeE AFE3tthd A9 o] AFgo] gl

Symbol | Parameter MIN TYP MAX Unit
Digital I/O supply voltage )
Voo (DVDD3V) 1.8 3.0 36 \"
Voos Analog supply voltage on pins 1, 18 30 36 v
7,28
Ter Operating temperature range -40 85 °C
4.3. Digital I/O DC Characteristics
Symbol | Parameter MIN TYP MAX Unit
Voo /O supply voltage(DVDD3V) 1.8 30 3.6 W
AGND Chip ground 0] W
Vi Input high voltage 0.7xVopio 4 A
Vi Input low voltage -0.3 0.3xVopio vV
Voy Output high voltage Viooio-0.2 v
VoL Output low voltage 0.2 W
Reu Pull-up Resistance 29 187 k)
Reo Pull-down Resistance 27 190 kO

¥ 2-33 HMC1043 A7) EA
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Undefined any state

O Operating state

RESET

DC calibration ON

Dc
calibration

.; Transition state DC calibration DONE

Channel switching Mudem ON

REQUESTED

? PLL H
v settling

TX REQUESTED

Generate INTERRUPT
MODEM ON

Generate INTERRUPT
MODEM ON

PLL LOCKED

AND
PLL LOCKED TX REQUESTED
AND ..
TX REQUESTED oL, TH request NONE Generate INTERRUPT

: ". . " TXEND

{ R settling | 1 T settling

R et
AFTER RX settling wait delay AFTER TX settling wait delay

l
Figure 30. Basic MG2410 State Transition Diagram
3 2-34 MG2410 2SHE Hrlx
4.4. Current Consumption
Test Conditions: Toe=25C, Vppa=Vome=3.0V, fre=2 45GHz, Data rate=250Kbps
Parameter MIN TYP MAX UNIT | Note
TX Mode .
AES, Peripheral, and
@+9.1dBm Output Power 46.9 Tomp. Semaer Disabled
@+9dBm Output Power ar4
@+8dBm Output Power 202
@+7dBm Output Power 258
@+6dBm Output Power 240 mA
@+5dBm Output Power 234
@+4dBm Output Power 220
@+3dBm Output Power 206
@+2dBm Output Power 19.5
@+1dBm Output Power 17.5
@ 0dBm Qutput Power 17.5
j AES, Peripheral, and
RX Mode 16.7 mA Temp. Sensor Disabled
Deep Sleep Mode 1.0 pA | DVREGEN=D
Analog Temperature Sensor 0.06 mA ﬁ‘u"ent increase at using

E 2-34 MG2410 €34 HE AFAE
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4.10. Typical Performance Curves

Toe=25°C, VDD=3.0V, and fc=2450MHz, unless otherwise noted. All parameters measured on 2-layer
reference design.
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i 5.00 ! e —— | ‘E.JO.I]
5 o
: B.50 E
& B0 Swo | ! ! T |
E 750 1 Lt
7.00 £ | :
3
6.50
CH=2450M
X 0.0
400 2410 2420 2430 2440 2450 2460 MFO 2400 -10 -8 -6 -4 -2 o 2 4 6 2 10
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TX Power vs. Channel Frequency Current Consumption vs. TX Power
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TX Power vs. Supply Voltage TX Current Consumption vs. Supply Voltage
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+85TC (Industria) 24 &d7] 9 spd7]o] §A o] d4d 2= 23S &80

AR = 2 el

PIC18F87J50 FAMILY

28.0 ELECTRICAL CHARACTERISTICS

Absolute Maximum Ratingsm

Ambient temperature UNAEr DIAS . ..o e ~40°C to +100°C
SIOrAgE TRIMPETAIUTE ..ottt ettt st et en e en e -65°C to +150°C
Voltage on any digital only /O pin or MCLR with respect to VSS (except VOD) ... -0.3Vto 6.0V
Voltage on any combined digital and analog pin with respect fo VSs (except VOD) .o vever e -0.3V to (VDD + 0.3V}
Voltage on VDDCORE wWith respect 10 vV SS  e -0.3V to 2.75V
Voltage on VDD With TeSPECt 10 VS e 0.3V io 4.0V
Voltage on VUSB With respect 10 VES e (VDD — 0.3V) to (VDD + 0.3V)
Total power dissiPation (NOTE T ) e 1.0W
MEXIMUM CUTENT OUL O WSS PN e 300 mA
MEXTMUM CUTENT MO WDD PN ettt es ettt eae ettt et ee e eeee 250 mA
Maximum output current sunk by any PORTB and PORTC O PiMlee.ciioie e 25 mA
Maximum output current sunk by any PORTD, PORTE and PORTJ O PIN oo 8 mA
Maximum output current sunk by any PORTA, PORTF, PORTG and PORTH VO pPIn ... 2 mA
Maximum output current sourced by any PORTB and PORTC VO PIN oo 25 mA
Maximum output current sourced by any PORTD, PORTE and PORTJ WO PIN ..o 8 mA
Maximum output current sourced by any PORTA, PORTF, PORTG and PORTH VO pin ..., 2 mA
Maximum curment SUNK By all OIS e 200 mA
Maximum current SOUICEd DY 811 POTES ... ettt et et ene e nen 200 mA

Note 1. Power dissipation is calculated as follows:
Pdis = VDD x {IDD — T [0H} + T {(VDD — VOH) X 10H} + (VoL x I0L)

T NOTICE: Stresses above those listed under “Absolute Maximum Ratings” may cause permanent damage fo the
device. This is a stress rating only and functional operation of the device at those or any other conditions above those
indicated in the operation listings of this specification Is not implied. Exposure to maximum rating conditions for
extended periods may affect device reliability.

18] 2-38 PIC18F87J50 Family ®7|§4
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- 161 -



HMC1043
SPECIFICATIONS

ICharacteristi-::s [ Conditions™ [ Min I Typ [ Max I Units
Bridge Elements
Supply Vbridge referenced to GND 1.8 3.0 10 Volts
Resistance Bridge current = 10mA
per bridge 800 1000 1500 ochms
measured Vb to Vss 265 333 500 ohms
Operating Temperature Ambient -40 125 ‘C
Storage Temperature Ambient, unbiased 55 150 ‘C
Humidity Tested at 85°C 85 %
MSL Moisture Sensitivity Level 3 -
Field Range Full scale (FS) — total applied field -6 +6 gauss
Linearity Error Best fit straight line
:1gu ’
+ 6 gauss 1.4
Hysteresis Error 3 sweeps across +3 gauss 0.05 %FS
Repeatability Error 3 sweeps across +3 gauss 0.1 %FS
Bridge Offset Offset = (OUT+) — (OUT-) -1.25 +0.5 +1.25 Wi
Field = 0 gauss after Set pulse
Sensitivity Set/Reset Current = 0.5A 0.8 1.0 1.2 | mVM\igauss
Moise Density @ 1kHz, Vbridge=5Y 50 nY/sgrt Hz
Resolution 50Hz Bandwidth, Vbridge=5V 120 ugauss
Bandwidth Magnetic signal (lower limit = DC) 5 MHz
Disturbing Field Sensitivity starts to degrade. 20 gauss
Use S/R pulse to restore sensitivity.
Sensitivity Tempco Ta= 40 to 125°C, Vbridge=5Y -3700 -3400 -3100 ppmi“C
Ta= 40 to 125°C, Ibridge=5mA -1000
Bridge Offset Tempco | Ta= -40 to 125°C, No Set/Reset, +1 gauss +700 ppm/°C
Te= 40 to 125°C, With Set/Reset +10
Bridge Ohmic Tempco Vbhridge=5V, Ta= 40 to 125°C 2100 2400 2700 ppmi“C
Cross-Axis Effect Cross field = 1 gauss, Happlied = +1 gauss 0.3 %FS
Max. Exposed Field No perming effect on zero reading 10000 gauss
XY, Z sensor X toY sensors 0.01 degree
Orthogonality XtoZorYtolZ 15
Set/Reset Straps
Resistance Measured from S/R+ to S/R- 1.5 2.5 3 ohms
Current 0.1% duty cycle, or less, 2usec current pulse| 0.8 1.0 8 Amp
Resistance Tempco Te=-40 to 125°C 3300 3700 4100 ppmi“C
Offset Straps
Resistance Measured from OFF+ to OFF- 10 13 16 ohms
Offset Constant DC Current 10 mA/gauss
Field applied in sensitive direction
Resistance Tempco Te=-40 to 125°C 3500 3900 4300 ppmi“C
* Tested at 25°C except stated otherwise.
E 2-35 HMC1043 =+ =54
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ADS0403

MG24708 Datasheet

5. ELECTRICAL CHARACTERISTICS

5.1. Absolute Maximum Ratings

Parameter Min. Max Unit
Supply -03 36 v All supply pins must have the
Voltage(AVDD3V1 AVDD3V2 same voltage.
,DVDD3V1,DVDD3V2)
Core -03 2 W
voltage(ADCOUPL1,ADCOU
PL2, ADCOUPL3,AVDD18V.D
VDD1,DvVDD2 DXOSC18V)
Storage Temperature -40 a5 °C
HBM 2 kv All pads, according to human-
ESD body model(JEDEC STD 22)
CDM 500 v According to charged-device
model(JEDEC STD 22)

Exceeding one or more of these ratings may cause permanent damage to the device.

These are stress ratings only, and the functional operation of the device at these or any
other conditions beyond those indicated under “ELECTRICAL SPECIFICATIONS" is not
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect

device reliability.

NOTE: These values were obtained under worst-case test conditions specially prepared
for the MG2470 and these conditions are not sustained in normal operation environment.

prevent permanent damage.

CAUTION: ESD sensitive device. Precaution should be used when handling the device fo

5.2. Recommended Operating Conditions

Parameter MIN MAX UNIT
Operating ambient temperature range, Tee -40 a5 °C
Operating supply voltage, VDD 2 36 v
(AVDD3V1,AVDD3V2 DVDD3V1,DVDD3V2) :
Woltage on any digital pin -0.3 VDD A4
E 2-36 MG2410 &+ % 54
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451.

Chip Rate of 2Mcps (RF Bandwidth: 2MHz)

Test Conditions: Tge=25C, Vona=Vooi0=3.0V, fas==2.45GHz

Parameter MIN TYP MAX UNIT | Note
RF Frequency Range 2405 2480 MHz
(Center Frequency)
Maximum Input Level
1500 kbps -9
1000 kbps -5
PER=1%
%gg tggz _[1 dBm Packet length of 20-byte
62.5 kbps =3
31.25 kbps >3
Spurious Radiation Compiles with EN 300
30-1000 MHz -60 dBm | 328, EN 300 400, FCC,
1-1275 GHz 60 and ARIB STD-T&6.
Received RF Bandwidth
(Chip Rate) 2 MHz
Channel Spacing 5 MHz ggg‘fﬁs with IEEE
Receiver Sensitivity
1500 kbps -81
1000 kbps 92 PER= 1%
%gg tggz -35 dBm Packet length of 20-byte
62.5 kbps -101
31.25 kbps -103
Adjacent Channel Rejection
! oMz 29 dB | 320Kbps, by,
EMHz 59 mF = sensitivity
Alternate Channel Rejection
oMz 52 dB | g20kbes, 2hovte,
_10MHz 53 = T sensiv
Others Channel Rejection
]y 58 dB | pookbes 0bte,
> _1 5'\1HZ 62 "F = SensilvIDy
Co-channel Rejection 712 dB | 250kbps, 20-byte
Blocking/desensitization
-250MHz 27
-100MHz 25
/ 250kbps, 20-byte
;SSGUI\E'%_ILZZ 'gg dBm Prr = sensitivity+3
+100MHz 25
+250MHz 24
E 2-37 FAR FASE ©E A5
4.6.1. Chip Rate of 2Mcps (RF Bandwidth: 2MHz)
Test Conditions: Tae=25C, Vopa=Vooio=3.0V. fa==2 45GHz
Parameter MIN TYP MAX UNIT | Note
Transmit Chip Rate 2 Mcps
y Using the recocmmendad
TX Output Power 9.1 dBm matc%ing bt
Erraor Vector Magnitude (EVM) 6.0 %
Harmonics )
nd : Using the recommended
%m Rg:mg:}:g ::513 dBm matching circuit
Spurious Emission
30Hz~1GHz -60 Complies with EN 300
1GHz-2 5GHz -60 dBm | 440, FCC, and ARIB
2.5GHz~12.7GHz -39 STD-T66.
515-5.3GHz -60
E 2-38 FAF FASE ©E A5




4.10. Typical Performance Curves

Tee=25°C, VDD=3.0V, and fc=2450MHz, unless otherwise noted. All parameters measured on 2-layer
reference design.
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Figure 11. Typical RSSI value vs. RX input power for 250kbps.
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Increasing Internal Resistance with Time and Temperature
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t'2 time dependency
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1.0 63.3(645) | 61.8(630) [ 80.4(620) [ 70.607200 | 114 128

2.0 67.2(685) | 63.7(650) [ 81.4(830) [ 7357500 | 111 133

3.0 66.7(680) | 66.2(672) | 78.5(800) [ 76.5(780) | 122 133

4.0 66.7(680) | 66.7(680) [ 76.5(780) [ 71 607300 | 132 133

5.0 67.2(685) | 66.7(680) [ 72.6(740) [ 73507500 | 119 135

6.0 67.7(6a0) | 66.7(680) [ 72.6(740) [ 73.50750) | 119 135

8.0 68.6(700) | 67.7(670) [ 66.7(680) [ 71107250 | 117 132

10.0 68.6(700) | 68.6(700) [ 64.7(680) [ 5a.8(610) | 110 10

() 1. AIEE & 45TH D 638 CIEAEE
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Al FAel o8 nldsls Zo® yEhkth 18y IZ0DETAA "l 2§ 9]
el AlgEe A 6mmit-Zoll A o A/ st oA HAg vk 2 wWstal ofef et
A Ar® AA Wetr g o A duke A9 AdEoe] d sttt

- 184 -

CHARPY

Point of Impact

CHARPY



= 1200

g 8z
'-I
A\
i
3
;
(O Tt -4 70 -]
| L . R
EEE T
)

2 4 & 8 10 FA(mm) ol 1 A i 1 L
? 4 3 8 10 §(mm)
a8 3 SPSANY §A 84 47 SAXNY TR 3

Ol
Iy
03
H

&= S M (mm)

(ASTM D256)
ERRIS 3.2 90 kg.cm/cm2
ErEsS 3.2 270~330kg.cm/cm?2

1/8” 3.2 280~330kg.cm/cm?

2d =2 E 3.2 250~300kg.cm/cm?2
(ASTM D1822) 1.6 500~550kg. cm/cm?2
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11. ¢5vg9 &= T+
———  g=sns®gs |
MAZ 52 ==EE 2=
lbignem 2| | odemes | lbignem 2| | zamas |
=2L=Z0|= Al-CuHl &3 =2U=20|= A-CuH &2
(1000 HIZ) (2000 HIZ) (ACTH, ACEA)
Al-MnA| B2 Al-Mg-SiH| &2 Al-SiHl B2 Al-3i-Cu-MgH,
(3000 HIZ) (6000 HIZ) (AC34,ADCT) Al-Si-MgH| &3
(AC2¥, ACAX,
ADC3,10,12)
Al-SiH &2 Al-Zn-MgH| &= Al-MoH| &2
(4000 HIZ) (7000 HIZ) (ACTA,ADCE,B)
Al-MgH| B2
(5000 HIZE)

a3 2-55 g2 0iF g29

12. vjdA Y dFvFE S
HdA g dFrg d=9 e AdZ6h, dFe), &

9 9 18745 5 Bagsel o8 23 o

kA A AJE Table 1 7 2 2 1XXX, 3XXX, 4XXX, 5XXX ¢

o

= 74

Zol gsiN Astet 24 o 54

FES Aaka) AAAE TR

stst7] flefAl= 343 ~ 410 C

_Y‘i

13. 471 AES ZggtRdo|Ee ndA g dFr)HF
of Qo & AR NAH Fmrk A LT F

2|7 o] B 7

&2 (Mn), vt2dlE (Mg) &

=

1=NR=1
T

A= =]
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_,d
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2l 7] 9]

o WelelA AxelE

7 7b A sty
NA R A3 F¢
o7 A& Utk

7% 280~330kg.cm/crf
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(vh AA7NRAA F=2HY

FirmwareE 4.

(N AR A AFEA A

|2 xY olF ALE VIS AdEielA 48 AZF AT o] F 32 A

Magnet X 0.0402 Magnet Y|=0.2967 Magnet Z=0.
Magrat 3 Compier QAN =| B
b
§ tmn
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3 .
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() ARZAA AFE N

= = pARA I Rl
HNAPNHMHE DIZ5tH =2 FAFEE FAAEE dAste HESZM
HE2 Mz - |WHE Li-lon HHEIZIE HE =2 AMESHH, RHEMNSZ AHRZ EHNE %
#H5to=z2 dx|zt 2E0| 2HME HE 0|CH
2 ZADNH Y= FAREW HIEH HE £, FAREE 3K6ks
HES 2 - |ZFS EW HEZS DHHED, Y E22 Mgz 206k 9E5s
EHCH
- HEXHZZ METI= Loop Coil AlAZDF 20| AF2F HA 92 2
- 38| EAITIHU FAtE AEE RGeS 24
- FAFEE HIEH M6t £5 29
=l - LHEHEl Zig-Bee S ZHHIH 26 B Za4
- LHEMEl Li-ion HHE{2I0l 2J5H A3 =235
- RRIDNE &3 e Ddtez HEHE 243
- 240l SHS E¥=0ls CtolHAE EEH
- RRX2NE s E8 A2 EE 24 2= €M
- A FARE FIAFEH 2 E Noise HIH S
B - AFEF 0|2 FHEHH tHE 28 =2 EHE
- BHEH 3 HHEE WE=sZ 218 18 42 220
- H|2I2} FM+E =252 242 #2228
-2 BE - -3dc o~ +80c (2D
=3 I -40c ~ +B0C (22
- dra BE : |PET
= o - & A|2F JEEPEt HA 2=
A=
HE s 3= AM2NE S
EF U : ¢ KHz
B4 84 |EEE 802.15.4_7ig-Bee
A 2l o D-LPSK
B S HE £% 250 KBps
HE Tt 2.4 GHz _ 2|E FIbs
JHE HE - 16 Channe|
HE HeE=E 2 MHz
2HEILE - Chip Antenna
ZE FHAEZ - |0 dBn (5 wi)
=4 UE -85 dBm
HE - Li-ion Battery 3.6Y, 8 54H
=22 1454 % ADCHY wm
il 1,500g

E 2-43 AA7AA L

(2) XIASAHZI

(7H) AQGEAZA 8FAE

- A 2CHY B4l 58 &x
— R 27| A A 2L BAlLS ThAE FAEA
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(*h 219532 e

=4 AAESHIEA]

AR ML Zig-Bee E4E Zal
HIE2 M= [HLANE Soi SUSHH, gl J=2E
= HIZ 0ICt

HE2l B |= ADSHERI= oot dig] 2o U2 SHlots F22 et

ST |- MTHESK= LAN E= 2M LAN S 3
- USBEZEE Saf| X EH | A2
- 9% 8 M 220| 243 Y205 CLOPIAY B
-H|QID FL-Eee2 S FIIIEER
Il-}g
- B AWOZ HA NE 20|
BF Transceiver 2. 4GHz ISM Band
Data Rate . 250kbps for ZigBee
hodulation O-QPSK
] Compliant . I[EEE &02.15.4
= [High RX Sensitivity -96dBm
ﬁt High TX Power +8cBm
= |Power Input : AC 90-~-240%, 0,244, BO/6B0[Hz]
Jieskil Current Consurmption 1500 [mA]
Mterface USE 2.0 Device
Size(mm) 1300W)1 = 80(0)= 180(H)
ol Serial Transmission Speed @ |1200bps—~230kbps
== ) TCP, UDP, IP, ICMP, I1GMP, MAC,
A ap|Trotoce DHCP, PPPOE, DNS
b 2F
~ , 10/100 Base-T Ethermnet {Auto
Metwork Interface . .
Detection)

E 2-44 AYFAFZA ML
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2. Biz mYl £=g

B AT AL SAE ARNAAE o §8 FIFAPEALD FEL D AYS 24,

AT AT AnE TAFAYRAAGY As W Ao T AQIE BES

AL M=Y2 BES wEo] Y] AH A0 sof & AL, BE Aol
g BEe shere s, o]F DAL AL BS BEE zlo] Aol Tk

A weEdtAa A 8o ks HE 92 Business Model Generationol| A A 33}

+ Canvasg ©]&3tt},

. Canvas®] +4

Canvas® 97}A EE 07 &AJo] xo] 9lo]A Nine blocks ©|&tx 3ttt}

o

— CS: Customer Segment — L2 F-217}?

— VP: Value Proposition — &4 7}x]&= F-S1el7p?

— CH: Channels — o9 A o] 7}x & AQtstar A3k A7}

— CR: Customer Relation — ZtZ}e] 1253} olH #AAE WS A7

— R$: Revenue Streams — 2 FRIZE? ofwA o]l &S F=ET /A7

— KR: Key Resource — 7FA 2 Q= A A2 F8lel71?

— KA: Key Activity — 7192 ol¥ @ &s& FRs)of st=71?

— KP: Key Partnership — oF4&2% 23 7|92 o JEUHS & o =712

— C$: Cost Structure — ©] EE& 55 FA3H] Yot v 8 F2+= oHstrp?
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Freemium Service (/5% A 8] 2~), Self Service (ZZ13 AFo]L),
Individual Assist Co—Work (8% #4) 2831 Community (&0 F7344) =

= A e

(7) R$: Revenue Streams
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(8) KR: Key Resource

- 719 o' NG TS FAE ok st B S A 99E A =2 A
] &% ©F A, Service Design¥} Content Design &< X743t}

(10) KP: Key Partnership
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(11) C$: Cost Structure
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Business Model Canvas Worksheet
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= e i Ao1
wA R @ 25 A
SLAFLR PRI = E = -
¥ e & = Y mm
e — |
- o | F= RITIRICH
[F ==}
Infra
R WA " Business AP WEB
HE X " =010 &8 e
AT I - ZF ' s
2 sl & P 4 Hu0|2E, MU|A0EE, N~
Fgn o Rw /At E - T
PIES: " -
21214| g 2Ry TR

u}, Canvas®l ¢35 ]2~ 3"l

Canvas = T4 7b4 w2 aj6lS AR vt 2 e ohest ok

(1) Unbundling Business Models

AL hA 9 AU AT AFSAT, 22 Belsk Hof i wAS vigeh 23 (17

(2) The Long Talil

iy
X
ﬂ
rlr

2ol T vtk Adeld AFHE FHA AEe, el

rir

I
EZ Zolx, vt} obd A#UE s st A'HS JhA 3 ok 3 A

- 200 -



A ol Aol A U HiRoE WS § i wojsheAl ) Aol gk,

HToll= Ha AL Avs AbEo] o= Ak ol EFddts FHE Kol

oy
30
I
5

ol F¥Y HES s vj=YA w9 olt},

(3) Multi-sided Platform

e
E
iy
I
=
»
ok
=

L
o)
D
rlj
S
)
1o
X
)
[>
ol
S
0
fot
1o
I
2
rO
£
i)
o
o
fn
N
=~
=
=

$52 739 Yasolo] Lotk 1L Fushd DrhFS UAE gol, FES

wol JhAck A9, & ZHE7} Bobdx, TR WolAok 24 wol T

A Az H A5

(4) Free as a Business Model
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(5) Open Business Models
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(1) CH& XIHe| ALZ Sl

AYAA AL WA O QHFA Ik TG A A

=
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A WUeks ayst] A9 FAEes 14 Wow 4%

Seq 181 28 3et 4 5¢1 6et 7
1.6m, 0= | 1.5m, 0% 1.4m, 0% 1.3m, 0= | 0.8m, 0% im, 0% m, 0%

Seq 8 oH 108 118 128 138 1481
m, 0% 1.1m, 0% | 0.9m, 0% | 1.2m, 0% | 0.8m, 0% | 1m, 0% im, 90%

¥ 2-45 FAHEE A&7 AA X
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HaEw e Adx $QEE 4ule] Yol thew 2k,
LIS P54 T vl a1
A 271 Al A 2l s A E 14 f
] O A A 2 gke] Al A4 1 d
A3 A of7] A% ] ZHA 1 o
AU 3] A% Al 474 FHA 1 34
E 2-46 HAEHE AX v Y<YQ
(4) CHA} X|2fo] M9l Y S
HAENE £oe] AHEHE A9 FARs dgE AUS AHgEt, BAL
AL P Wi-Fig AH-
o HzEWE Ay 74
Remote
Desktop
@ X HEH?
D @ XS HE*| {l
e i T |P=Cam el
pC FP-Coml -’ e
o T \ i
-
™
@ TR7| A A

2| 2-68 HAEHE AA” FHEE

- 205 -




4. HAEH=E 29

THE HAEWMEES HAEWE &8, Addytd, 7ls/ide daz HAENE 29

ey gt

7} g 2EHE &

& WA= HAEH = ARE AAES A w9k, sE ARE FF AE A

s MAdE A% 7= A

lzru
l
et
ofo
o
kY

- 206 -



il
=Ml

=
m m_u
|

= Iy

il
=1l

4

™

il
&

il
=1l
o

i

El

Al
i

a8 2-70 HAEHE 848

ol
20
0l0

-

rr
RO
il

Aoz, &

Els

1] 9

S

ﬁo
e

b ¥4 43 48 4

] 1Set=

SAZ=

[eZ]
]

el A&7 14 Sete}l A

=

H A EH]

2013.10.

- 207 -



~
oR
0od —
ity N
REH o w
HAE =0 M_y
g < n
W % ~ o g
i i
|

=

=

AlEZIZE =

=R

20134 108
2013

£
H Hav]2 20138.8.21.0] 33.9Ceo]aL, FHA 7] 2013.10.31 el

1 LH: N
3 e A |
. U} <
H_m <
| X g 1]
gl wﬁz 7” O# n.\.t|J|MH
B ﬁo |
_f.Hr 0 7m Mwﬂo wh m LT
Ll W q |_1_H" i \n .r
e dov: il G | m__
.. M___m : T
—._ < " !HHHHHHH\\IIII\IIIIIJ .
P = w
[ il F_/ = T il mg_
w z ) e 2
o | =
| , ¥ ml: ol e
% M o |
| = <]
5] 2 : | %_
\ : o~ :
0 m ¢
< RRRANNRRNNREY
No X
| = . : 1”““
: N
m ﬂ ,OI ===
; @) .
o _ q
o U | |
S Wr 2 B = 5 =2 = = = 8 ° 8
X o) S 2 5 o : :
0505050 2BV
® N a - -

- 208 -

a8 2-72 &#7]



(2) AEdxIE &8

- e gl M AA e AT (A4, 84, ST, SUV AE ol 8)
o FApRO] A A9 A
o AR A AZ0] 71X

o QI FAF 2] 9% dF HF

(W) 2=22x| 48 IA
H2AEWE Yol X271 414 14 Set} A GAZAFA 1SetES A X 3F Abe]of A
2013.5 ~ 2013.07. F<tol] 1Y 1AIZHS A FA1d 3 go} W 9], Ex}o] u& A

ANAAN QA Avke dEs

(h AAAE 49 A



=
o

A qUAE 4T 59 7}

15

hia

Foll v A8 A =71 W] A

oy

JJo

.
1% B A

+ 7

5|
RA

24, Agte duA =z Ho

Ado

3t

a7 4

=
=

e e =9 A 7

i

%
ol

48 AF

vz

oy
R

o] o}

bt e,

3

|

gl

12 orolr, A= A&7 Al

°©

5

Al &

[e)

Fe ) 7AA 9 713

AR 7F 2

ﬂ@E

°

S|

T

R

5

°©

]_

S

o] 0.1V #
o] A

G el ol A
H

o}

-

&

Q] H}A o]

=

T

ol #2744 14 Setell o

SHA] = AR A

& el A

S

3

(SIS
=193
=

H A EH|

]

Z
o]

e

i

N
=

o
ol

—_
fite)

4803]

=0
=

S5 AR A%

M g

bl of 81~87Y

T
1

bast

S

0.1Volt
(4) Sl 72| &

o}
H

"
mr

R
<N

- 210 -

o2, 1]

]

7] 4

S

glE A4



=

Lo 7 B Aol

o

- AAFNGA L AT AN k] BUHTE

— AQEAGA L AN 7k FA b A A
- oJAF A% E4 bs AY AF

~70m AYE THHAEE AR dHoA mid wAl d3E Z4ste] B4 e E

B2 Vs Adg AFsE 9SSR

3) Ad 23
60m ool AR AAT|AM = 194 AA wATe 2= W, 60 ~ 70 m A=
= 7 AA71AM = 19 2038 oW mAlFS Zhe AoR I o= §Al

Azt AQ# AE PolAw Bl $AL /AL Qow olaHr

A HAEHES 283 A3 $al w88 A5E A8t 2AdS &6k, °ol&

- 211 -



=

gt

&7

a8 2-73 HAEHE 4

IH

Fol, 2013.06 ~

= AAs

%] 1Set

1

XO

Ay H7]& 33.9C HUWAT=F 165m FHFANA %=

2013.09 o] Ax

;Lmo
~
file)
o
Ho
®

~

Jﬁmo

(2) xEdx

| #1322t

Az

2, AR 9

4

)
N
oj

00

— ol AFHAE ¥

k<]

== 4

of W& A4

Els

kol o

== 4

EEEEES RS B

wal

- 212 -



1)
It

=
Rl

ol

H
|

il
&l

=
ar

40,0004 2] =}
3.0Volt® 7|=38}4

T

R

Aol W wiE 9

|

Qi

A

2| 2} 7] A
Ao 2A 870 Ao &5 Aol 0.1Volt ojF ). o]
207 7]

=
=

)

Bk

3.2

=
=

200¢ X 6 Step = 1200

afar, qrelube] A

Itt.

3 o
gl

A

2 v FA 92 wiA
3k

W Qhelupe)
- 213 -

1=

&
[e) = O =} O
< T s WIS A

=

A 8F A 217
3|

o
o

9 -71€ A

o
Euy

A

i

e %

) =

7H/,\j_o

713t Tl A

o

=

)JEUJ
¥ A#7)

=
O

=

t}. HZEH|



t 2| HE 42
& My e 2y 2l& My

a3 2aEx |

o -
——  amwzsz | — eagyzzmm | L snzwmszm |
.

) Mg Y

mlo
40
o

THMAL

0

HAEWEE 88 APelN ABaAEo] e AF oat ol fi 2 A2 B4
#et.

— AR A AR AR AAE 27 S8 e xe] AR NS A 5
9 97

— AN A QAS A8 AA el dAgke) Hh

Fri

272 =E9

AE sdsty] 2l

o

— FAEY AR A AR A 27
- AR A Y A A4S e AAG% AxA
- AR A AR A4 daelFe] A

ow AdAska ol et A4 Y

- 214 -



Pal
ol
r
oo
ot
oo

2m
LY
2|

F
L J

Bm LH2]

a8 2-75 X|X7IMAM XX

Slels 2 209 ool AFRE HAA AP 74 TheFst el Ao

Mo
o%
it}
&

Atk dAo] e A AF A Al wE AR HIEo] w2 vk, Alat 2d

o Ao B L An AN A3 F5 AE HEo] ol 1E A

lo
it
rlr
>

sh4 ke Abel7t Alvh,

- 215 -



(h A% g

AR AN ZR7kE ol gl A AN A% Lu

Threshold Tracking Algorithm . &, 7)o A4 AA S A&

o7 g3y,

Nullel A fe] &4 grh= 2 o|th. o] & =5H3l7] 93 WHomAM A&

4 gz ze) A4

oA7IM EAT AR AFe] AV 2= o A7) gke]

g5 Mg e shsith

ADC
counts

x.lk

= N S—

LU 3 nnant wer®
B3D == .____"_“T“_”___.h..'._:.T ________ e e e o

622 Trernan.

) i
]
Eid 0 gauss : . 1
]
.ﬂ --------- No Detect
Detect
B 2776 XA7|HAM zFLIAE SHAA
x4 Threshold Tracking Algorithm Vehicle Magnetic
"""""" Signature
Upper Threshold o
Tyt ..., Boundary
............. — 5 — > t
TL_"'" Gl L -lu.,___.".“.“:‘;__.."-.-.-u g
tracks [ s i
*+drift H-\n Lower Threshold
Boundary
detection

- 216 -

o] Al
w1

o)
=

al



2}eES QlAlE 7] 93k dag]= 0 2 ARE3slY Threshhold Tracking Algorithmo©] A

d A= dEty] g, #d AES Ea Al A8 duel=0F State Machine

1 &counter0<M;

counter0>=M;

(2) S& 72| A= #

ret
J
-_
[
=
0%

A 717 Soll AASAEA e} A A7 A S AT Ay A el
AAE AAZIAAM ] AR w4 o] @A AA FAlENsS ddsiin 44
Al ool Al ARV MM &L WAl SlaEel] vlsl A2 FAl AdEol o] Fox o

t BAAY, BABEY 9F L Ee £A Sl BAZ Q& 2oE sepac,

o
=,
off
>,
M,
AC)
%e,
off
>,
ot
o,
1o
o2
o
iy
flo
R
oft
2
o2
12
flo
=
2
ol
ol
k=
>
o
A
1o
4
>,

sEe MAdsked H4s Fads HEs A7 AF otk

h ey 2z 3y

71E PCB AR Fefolr §A 52 WAL folstes §A 74 5oz 4

- 217 -



() e} 7S Ak 24
NE A Ash glgrEte A 54 fskel 59 Astel Ug 7H5E Die-Pole ¥

Hel etz g Ba 24

(h et FE 27

71€ 0dB =4 3.5dB 2 £F

7N1E A Aak Foll i FEs AES A 34 A AR FH o] A

(h Z= gl A HE

A FolM AR AFo] Y 2RV AY A T4 o7 HAsE Sl& v
Az dis AdE 357F et Aoz AlgE, dd AdE AP 49 #E

B

- 218 -



5. MIF ds M

T
oy
2
rlr
N
i
=
-
>
>
odt
o
)
ofo
o
2
oy
1o
oX
ofr
=
2
b}
of\
o
ol
o
o
O

HZ d= hd

o
o
or
0
o
E,'I_l
ol
0
=
m
>
Ju
>
HI
o

AGA 2 A 7hs Al g #5 doh s

o] Qrelu} Aut ALY golds ueste], 24 xS oA F

(2) CHEL Z#S Eu}

A ARGEE QbHlU= 22 Hate] digets QFEIUEA, 7171 3 FAlo] o] Fo] A=



sao] 4757} ol wiAlahel o Eahi B

M
o

23kg Aol gle, olel tjg3t7] 9

sl 54 kel 5% W] B&E & UEE Die-Pole FE|| e L}E Al

(3) 2HHIL} ZHE

A AREE el 7t 0 dBolth 7 /pd "t o] =ef 7k Sio] %

de Ao dAgdyo] I E 3.5 dBE AL

(1) RIXPZ|MIM XX =F

N
Wi
2
g
=
L

HAEWE A3 Al 2F Fapad 2 opeket f Ao AJdste] 93 43t
=

o 1,3m #1217} 2b&Fe] Fef 8l Faf el w50 HEe 94

J G
0,
i
)

- 220 -



7)€ AFE3F Threshold Tracking AlgorithmS A ®EA ¢l 3 efol A= A A3t <14
= THsIA oY, Ag Wste] ek tfs-Ho] oFsk o ® WikE o], AjEo] State
Machine Detect Algorithm® & thA] % &3},
AY 2528 A
HAEHE £ Ay AgA o oapd Ay a2 & £A7F ofdehal ks,
JZ 71 A 0 9 5 B as AaE wAste] 30% JES A3 anE o] F .
(1) 84 XX 182 2™ X} M7
71E A AAF gl 1tast FEE HES Ay 84 AA7] AR £ FEo] A
HC7F =obA, sl A Rl 243y, &9 e TA47F glabd sl daks AlA
=
2) A= MHS Xt =F
AZAN A7 At Sl A8 2527 AlY & 24+ A5 F419 45 ot &
A sl iAETE Y AR AAF B AUYAE AR A FHF
L4 olBR AFF s Hast AL AF otk

- 221 -



6. AlHAOIE 5

B AT AAG Bx AL FEFAE FAYR ATANAT TS AWl ES T
%33l e},
AYAMOE &
AR AL Al D ESHEE RESHMEA | | AY9RNER || A S o
39 Set 2Set 1Set 1Set e o
2| FAEE
Tz DB
Logd 2 AcEHE
DB DB
O8 2-80 AHAIOIE TEUY
7} A Aol e AA P
2 AHALOEE TS U e R AH 3 Weks Fdstar, R E ARl ost
e webks Fdeta, ARG AR Qo t§ste] ARA Y WS FHES
Foto], ¥TFAAR AT AR A 5 W Y9 FA-AS Forstaxt s HEE
TR B2, AREAF Ao THE Eu
. AJHAIE FA Yy
(1) XX} MIA{
A71% FF Waky e 49 T WHE2 = ATAE St e ®E sho], 397
TFApH o A A7 A E Y A X

- 222 -



= 71871

ze)

o

A

of
XA

i+
5

(4) XIZH|0{1Zx]

N <92 of

skivt. 3

A

=
=

Logd ¥ DB

s

i

o

jpace]

o

[0

(o)

FSEA

13

K-

(5)

4 RDBg} A

N

N

- 223 -



ok Al ARl gl A WY

HRE %}
UM &N

OHECHEZ 1A
ZHAH =2k vl
AR AL 39 Sets 7= E 1Set
A S HE A 2 Sets 2L EAREA
A S LA 1 Set =Rt
AR KD 1 Set o Rpe
12 2-81 A'HAOIE FH|ERIT
) =
o APgAlE A28 FAE
Wi-Fi =
—
_ m
FAHEERESHH A

a4

=
Wi-Fi |']—|']—‘-“
B

DBMH DB

o
=

~ig

Wi-Fi
i

Zig—BeE@* -l'l

o

ANEHIOIER

e ——— RO

P e Rl e e T ARy AR T A . QR A S A R

Zig-Bee=>

\

Zig—BEE?

i

/

- 224 -




7. AIHAIO[E THM

ofell A|MAlel E

o), FAAR 53 FHo FAH] gk

@ A s 75

Aol

7} AEAIE 7574

ol Crest

=1 H
o

(1) S=2H

Ho

(2) XIgHMoEx2] 715 F0i

Joll Agd A

7)o Ao} 4%

iA1=

9]

97 ¢

o

ofiy
o

o

il

ofiy

o 7%

gl

ol

0

no
HO

oF.
<l

1

2o

A

3 H

Mo

- XIHMoiH

ol

(4) &

- 225 -



o] £ & WHAY A5 AdA A 9 AP ko) ABF FA
g A7k Ae s
h B4 Z2EF
NO| =&Y ID =z 3 Lk g
1 | PT_IBLMO001 AHe] 234 dleolg Serial | AMlEl—FA0]7]
2 | PT_IBLMO002 AR 2% deg Serial | MlEeFao]7]
3 | PT_IBLMO003 Az 44 dolg Serial | AE|—FA o7
4 | PT_IBLMO004 Aol 44 dgoly Serial | HlE]l—FA9]7]
5 | PT_IBLMO05 FAARE A% dogy Serial | FA|o] 7]1—4¥
6 | PT_IBLMO06 A= A= dHeolg Serial | F#°]7]—AE]
E 2-47 A HeolH &5
= 4JID | PT_IBLMOOI
35 e | A7) a2/94 My
DLE Hex 1 0x10 A T Az EA
STX Hex 1 0x01 4 Tl AEEA
REQUEST DATA | Hex 1 0x20 AVef AW gk
YEAR Hex 1 d d
MONTH Hex 1 ] €
DAY Hex 1 | d
HOUR Hex 1 A Al
MIN Hex 1 - =
SEC Hex 1 S =
DLE Hex 1 0x10 A ZHY 284
STX Hex 1 0x02 EA EHe] 2EA
CRCI Hex 1 0x01 HAg
CRC2 Hex 1 0x01 BAF2

¥ 2-48 AH LA HolH

- 226 -



=49 [ PT_IBLM002
. ge 27| aama A9

DLE Hex 1 0x10 Bz gl AlEIE A
STX Hex 1 0x01 B4 Zag] AlFEA]
CONTROL DATA| Hex 1 OP CODE Aol Mgk
ﬁigﬁ“ Hex |1 |0XA2 ol el x] 2.4 2k
DLE Hex 1 0x10 4z EEA
STX Hex 1 0x02 4 =EHyd E814
CRC1 Hex 1 Ox01 B2AZN
CRC2 Hex 1 0x01 BA g2

¥ 2-49 ZE 29X Holgr

=4 9ID | PT_IBLM003

35 e | 271 | Q988 A

DLE Hex |1 0x10 B4 = Az g
STX Hex |1 0x01 A =g AREA
REQUEST DATA| Hex |1 0x20 48 ARg

YEAR Hex 1 LSl L

MONTH Hex |1 ! 4
HAY Hex 1 o o

HOUR Hex |1 A] ]

MIN Hex 1 * o

SEC Hex |1 £ 3

DLE Hex |1 0x10 B4 Zye] BEA
STX Hex |1 0x02 A =l E¥A
CRC1 Hex |1 0x01 HAZN

CRC2 Hex |1 0x01 HA2

kY2

2-50 A|ZHE A o] E

T YID | PT_IBLMOO4

ki e | &7 | <@e1/44 44
DLE Hex |1 0x10 A = AFREA
STX Hex |1 0x01 A =g AEEA
CloseDataTrans | Hex |1 0x0F Reboot &
DLE Hex |1 0x10 TN LAY 84
STX Hex |1 0x02 A ZHY A
CRC1 Hex |1 0x01 BAZ
CRCZ2 Hex 1 0Ox01 BAg2

® 2-51 A2 H ol

- 227 -




= 9lD | PT_IBLMO0S

a5 e | 27 &9/94 A
DLE Hex 1 0x10 24 =gl AzEA
STX Hex 1 0x01 A Zelg A AEA
PCOUNT Hex 1 0x24 Age ¢ 83
PLENGTH Hex |1 0x30 7] Length &%
PDATA Hex |1 0x32 57l Helet 24
Hex 1 0x25
PDATARECV AMAze WHAFTE AE
Hex |1 7l
Hex |1 0x35 delele] A
DATA RECV Hex 1 EEARGEE e Apme Hzdy
Hex | 1016 | Hlel¥ AEd delH
DLE Hex |1 0x10 4 Zyq BEA
STX Hex 1 0x02 o e =g
CRC1 Hex |1 0x01 BAE
CRC2 Hex 1 0x01 B2
E 2-52 A5 AfFdolH
OP .
Format Function Answer Object
CODE
DS x20F YN EE 0x21 : ARG
0x20 AN | L 9d Amnd H
DECIC2 022 : ARYS
#&¢] PACKET +
0x24 | DSOXUDMDECI 2 &4 0x21 H
PACKET LENGTH
0x30 | DSOx30 PDECL C2 i Packet Length| H
PACKET DATA
0x32 | DSOx32PDECI C2 o Packet Data | H
D S 0x25 Packets AFADATA PACKET
0x25 0x30 L
DECl C2 8 A%%
D S 0x35 Packet
0x35 | Number DATA A s As 0x30 L
DECIC2
D S OXOF 00 00 D E
OxOf AE g5 sle H
Cl c2

¥ 2-53 Ho|H9 &

- 228 -




=9ID | PT_IBLMO006
g e e | 27 @918 9 Ay
DLE Hex 1 0x10 B4 =ZaQ) A FEA
STX Hex 1 0x01 Fal ZE A EA
CloseDataTrans | Hex 1 0x0F Reboot &
DLE Hex |1 0x10 A T EEA
STX Hex |1 0x02 B4 =9 EHA
CRC1 Hex 1 0x01 BAzh
CRC2 Hex 1 0x01 uAze
D Hex |1 0x01"0xFF A 23 ID
Door Hex 1 0x00™0x01 Lol A FF
A Ast Hex |1 0x000xFF A8 AHta
A A Hex |1 0x00~0xFF 2 AFgk
AYFF Hex 1 0x00"0xFF At T
Y Hex |1 0x00"0xFF =9 <tz
Heater Hex |1 0x0070x01 Y 2% &8
Fan Hex 1 0x0070x01 @ 2FF G5
Rog Hex 1 O0x00~0xFF o8 ox gt
aAEtE Hex 1 0x00~0x01 zZHE R g
E 2-54 BZEA 7] A HolE
ap F t Fi ti A Obj
CODE orma’ unction nswer _]eCl
D S 0x20 91 A % | 0x21: ABRlE
20 g AFaa
020 | b Eclca WA RERY | e mpee| T
D S 0x21 DM D E Cl1
0t | X A43 27} 315 | 0x24 L
0x22 225 xZDMDECH 49 430 uie | 9 L
X 2-55 Hloje} L +A]
W 4144
@ RS232
@ Me
I Recommend Standard number 232 ; 2] ¢kojo]z, T C | =

- 229 -

kel
N

)

1o

2



e et Zolth A e PCE Algld EE&= RS-232Ce AXH AE(9

SEA=H

® Holy %

ol x)5HA A3 ot 9tk A tlFEe] Au)E= 7 w8 HolE HES AL
A dolHE Aget 7 voly HEZ AAFH 3= Agols 1275 2

ASCIIZES 24l 4= gluf. H32o] 5 dlo]E H|E9 A& 310]4° ASCII #e 3

3 F ok HolgHE $Eshd v go g AF HEE Rulth AF HEQ] k2
19 3 &= 7130t 7laehd ol doly HlES o] 1o]gte A A&
HEZA = Zlo] 7Masith. A% B EQ] do]g dol+=1, 1.5, 2H|E 2] o] Zo]

- 230 -



v
i
¥
¥0
iy

© Ael® 14

SEZ ofo)&olElE LEDY EZE t}ho] 9 © (Photo Diodes) S WAst1 9 Alg]d

Specification RS232C RS422 RS5485

54 BE Single-Ended Differential Differential
o 1 Driver 1 Driver 32 Drivers
Driver/Receiver <+ 1 Receiver 32 Receivers 32 Receivers
Ad 24 % 15 m o 1.2 km o 1.2 km

A3 FAEE 20 Kb/s 10 Mb/s 10 Mb/s
A Aggy Full Duplex Full Duplex Half Duplex
Ag &FAt 125V -0.25V to +6V 7V to +12V
Ao LAt +15V -7V to +7V -TV to +12V

¥ 2-56 FAF49] Hm

obehe 1% 2-83 7 WY /)5S tehyn, 99 =

(m
o
N
o
)
24
[
1o
s
flo
N,
ofr
ftlo

- 231 -



7R A71e] dAdd ZE vebdnh e of| e A6 AdE we o AlE

W o] AlgHe AAEE Fxdto] ddsid dn

@ 2

obefo] 19 2-83 7t MO V)5& UEhlH, 991 TES 259 TES 2 MeS

TS —

GMND -~
DO =

DB-25 ASZ3IZ2 TIWOE

8 2-83 ZdE| MY

DTE DCE DTE DCE

DE-25 DB-25

DTE to DTE 3 Wire Cables DTE to DTE 7 Wire Cables

DTE
L

T o

DTE DTE DTE

S
9

R*D

AXD RXD TXD
RTS RTS . CcTS
cTS cTS ATS
GND GND GND
D3R DSA DTR
DTR | ] Dco | DSA
Dco B2 : DTR DCD

- 232 -



DCDE 1 = ';"-'-"—-“*—"i
. - ; !
P : it H il
T+ 3 ; e
DTR | 4 @ "
SG ! 5 @ T
DSR | & © : ‘
RTS | 7 © — .
CTs * 8 O - -
a8 2-85RS 232C S4l ZEO| AME
99 2549
= A
avg | Ay 1% ik
| g | DooDMaGmEr | 9w, 4g94 wed
Detect)
2 3 RD(Receive Data) 98, A TDe H&%
3 2 TD(Transmit Data) 29, 4 RDe HZ
4 20 DTR(Data Terminal 23 AesA ged
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OCCUPANCY ACCURACY

The following table summarizes the average of all occupancy accuracy tests:

Sensor technology
(vendor)

Occupancy accuracy

Radar/magnetometer

(StreetSmart)

78%
(Fybr) ’
Radar (Sensys) 98%
Infrared (CPT) 92%
Image recognition .
(Cysen) 7%
Magnetometer
81%
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