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Teacher Siridej Boonsang Advisor
Education Year 2007

Abstract

This project demonstrates designing and fabrication of security camera by using application
of PIR sensor cooperated with digital camera. This project mainly includes of PIR sensor and
microcontroller (PIC). PIR sensor or Pyro Infrared sensor works as motion detector. After PIR
sensor had found motion, trigger signal sent to command digital camera to take a picture. In the
next part, microcontroller is used to control digital camera to provide serial intesface with RS232.
C328cameraquuleisCMOScamemtype,wedtotakepictmeandsmdtommrywmeSD
card.
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TOP VIEW

SIDE VIEW
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annsauSunmdldnaiouu #e 4 gray/16 gray/256 gray/12-bit RGB/16-bit RGB
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C328 camera module {Program)

= dq w
37 3.12 uamead vl sznoundiguee Tugandes Cazs

Anruarninded

Tugandedail 1% Omnivision 0V7640/8 VGA Hufaauireiii§lunsunm
TaufimzideuoiuL 8-bit YCbCr
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Tugandos c328-7640 fifadai 19 lumadaaundeaionun 11 yadids

Command ID Number { Parameterl | Parameterl | Paramefer3 | Parameterd
Inatial AAO0Lh 00h Color Type RAW JPEG
Resolution Resolution
(Still image
only)
Get Picture AAQK Picture Type Q0h Q0h Q0h
Snapshot AAO5Sh Snapshot Type | Skip Frame Skip Frame 00h
Low Byte High Byte
Set Package AADGR 0sh Package Size | Package Size 00h
Size Low Byte High Byte
Set Bandrate AAQTh 1t Divider 2ad Divider 00h 00h
Reset AAOEh Reset Type 00h 00h xxh*
Power Off AAOSh 00h 0Ch 00h 00h
Data AAOAR Data Type | Length Byte 0 | Length Byte 1 | Length Byte 2
SYNC AAODA 00h 00h 00h 00h
ACK AAOEh Command ID | ACK counter | 00h / Package | 00h / Package
ID Byte 0 ID Byte 1
NAK AAOFh 00h NAK counter | Error Number 0oh
Laght AA13%L Frequency 00h och 00h
Frequency Type

¥ If the parameter is OxFT, the command 15 a special Reset command and the firmware responds to 1t

immediately.

S v o @
A13 1N 3.2 uaraanrangamdantsuduTuqandos c328

1. Initial (AAO1Dh)
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ud1 frlugondessshimsdidygu ACK seunduin diufldmmswdimsda
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fduiuduTogndos niedmionils hida NACK ezgnclanen’

Color Type

J & : fad L3 1
Tugandesiiaunioresfuyiiaveanm@1ianua 7 vila Ausy

2-bit Gray Scale
4-bit Gray Scale
8-bit Gray Scale
12-bit Color
16-bit Color

O1h
02h
03h
05h
06h
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JPEG 07h

Preview Resolution

80x 60 01lh
160 x 120 03h
JPEG Resolution

ey ' 4 ]
Tugandesiiannsoniwnin JPEG Id Tdmamsvina Tavaunsofdmuanig

nmitezawld
80x 64 0lh
160 x 128 03h
320 x 240 05h
640 x 480 07h

2. Get Picture (AAO4D)

4 Y 4:] T ar y d’
Aldwansefiesdamndenhmiaiisasuvinagmwiioe Taverfudidad]

Tumsdsan

2.1 Picture Type
Snapshot Picture 01h
Preview Picture 02h
JPEG Preview Picture 05h

3. Snapshot (AAOSh)

. 4 d : \
dusdain 19 lunmsdauldndsaiimsaionn

Snapshot Type
Compressed Picture 00h
Uncompressed Picture Oih
Skip Frame Counter

& ‘J -3 1 : o
fovndmuatsunmezgnimuansufissiinisiiudaIdanm
Ao «0» fie Hanohinuludsunmiuey

«1” fis Mimzarwnmludsuas
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4. Set Package Size (AAO6h)
ufrdait 19 lumatmuannavesdoynIMdnm Taol§lumsdedoyanmidiy
{14 Tavtdailnaaes1dnouteedainda Snapshot w3o Ards Get Picture Tiandna
Package Size
TaernAeziinuilu 64 bytes uazansofivualdgaqaidiy 512 bytes

Byte0 ByteN
1D Data Size Image Data Verily Code
(2 bytes) (2 bytes) (Package size - G bytes) (2 bytes)
<4 Package Size >

-
U7 3.13 uerasvnavesdoyalvdnm

ID -> mnsavveamainy Taseeisuuduen o
Data Size > swavesdeyaglnmuunainesiug
Verify Code >  anufanmadiasisaonld fimuiduluiid:
figavosmniuveadeyanmitanua snidy
doyalu
daiimhmsasasaeu T udiumda lurd
qega
sefifuilu o naea
5. Set Baudrate (AAO7h)
usrdeR19lumsf Baud Rate Tavda Tugacunsnfiezmif Baud Rate ¥01
idaigadadunlfioslassalulid
Baudrate Divider

Baudrate = 14.7456MHz/2 x (2™ Divider + 1)/2 x (1% Divider + 1)

Baudrate 1" Divider | 2™ Divider lBandntc 1" Divider | 2™ Divider
7260 bps fih 0ih 2880 bps 3th 0th
5600 bps bih 0th 38400 bps 2fh 0th
14400 bps 7th 0th 57600 bps 1fh O1h
19200 bps 5th 0th 115200 bps ofh 01ih

Pl '
AN 3.3 UAARITNNIAIMUARAT Baud rate voindo C328
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Reset (AA08h)
|ﬂuﬁ1§4ﬁ1ﬂunm*i'ﬁﬁfﬂ'(uaanﬁmﬁ’:if
Reset Type
«ooh” umsTidnszuuianan
«o1r” funsTidnfiaemefimsnhavegiuvasiy
Power Off (AA09h)
iile Tugandos185uddai som W lugandoudh Tuloghu Tnunmsady sundies
W5udygnu sYNC W1 In uazndesseiu@Bnineilondes1imsds
dgg i ACK AoUNaLNT
Data (AAOAD)
Humdai 9 lumadadoyaTdnmidsudl$im 1dnsudeyadnquodiidnm

(U YHAYOININ NT0 YUIRVDININ

Data Type
Snapshot Picture 0lh
Preview Picture 02h
JPEG Preview Picture 05h
Length
T 3 ﬁﬁtfu'lﬂumsuonwmmmmwm'ﬁﬂyanmqu 3 yiia
SYNC (AA0Dh)
Wlunmidendesuszninngeaunzgla Taveriidggnu ACK asundusenin
ndanRTuddad
ACK (AAOED)

Hlumswenhnminudgaividtdeioudoouds niani WWsuddalan
wdversysel frda ACK segndasenalonduileinssu Preview Data fldam
aunsofisziiongdoynveanmlinndrdeil lnededdsiily ugveamane o
FoFoh o1 1léa Tugandes

10.1 Command 1D

(umsfmua D vesyamdai tddanundes



dilnnemyanan nIzvoandimantz

10.2 Package ID
Hlumsiudidaveandesiinen Taumolu 2 TuifuszuansIistudrdsd
denn hvarisensudidane Ty Tuia 2 Tushifusssiadi oon
11. NAK (AAOFh)
Hlumsiweniiimsdedoyaiianaia wie Lifimssesduddaiun

11.1 Error Number

Picture Type Error 01h
Picture Up Scale 02h
Picture Scale Error 03h
Unexpected Reply 04h
Send Picture Timeout 05h
Unexpected Command 06h
SRAM JPEG Type Error 07h
SRAM JPEG Size Error 08h
Picture Format Error 0%h
Picture Size Error Oah
Parameter Error Obh
Send Register Timeout Och
Cemmand ID Error Odh
Picture Not Ready Ofth
Transfer Package Number Error 10h
Set Transfer Package Size Wrong 11h
Cemmand Header Error FOh
Command Length Error Flh
Send Picture Error F5h
Send Command Error fth

82207
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12. Light Frequency

Alfrumusansznfdeunnuiivewrsanivesdindes Taeldsidail

12.1 Light Frequency Type

50 Hz 00h
60 Hz 01h

3.6 Tulnineuininined AVR

¥
WTnsail WlnTasnouInsameinszga AVR TaesmiiiuluTnsnouInsaaniaszoa

1mi9n ATMEL Uaoilmunssuui RISC (Advanced Reduce Instruction-Set Computer

é -] a =4
architecture) fin nilvdidahau Taslddagnuuifnuies 1 §n (Instructions in a single clock)

” ) [V o t;
TaoituluTnsnou Insamesnthlse@ninmuazanumunsoga uazdaldmasaud Tae

TulnsnouTnsames AVR 7118 Insanuiifuiuey ATMEGAS4

3.6.1 AoinANd1A0ves ATMEGAG4

Stdsmunumshnuinnnit 100 drda Tasdanud lunmiszuaa 1
frdade 1 Soyguwing (1 MIP/ 1 MHz) Taevin 18qagaia 16 MIP/ 16 MHz
#1280 27%$1 ROM LY Flash (3 Tnuafleatunionu$) vuia 64 Alalun
Taudou/ay 1o 10,000 n¥q

vieanudideyauuy EEPROM @ Inuadlosdumizonnuiy) vwia 2 ila
Turf Taoi@owan 1484 100,000 s

miwanu§rdeyauuy SRAM 4 flTatun

Tniwesiniined ey 8 fin uazuwy 16 in etiaz 2 g3 nfombBainaned
fisruuaswaounnuRanarnlum s ive eI (Watchdog Timer with
On-Chip Oscillator)

Tugaadndgyg 1 PWM (Pulse Width Modulator) 1§11 4 ¥04
fiTugauninsdygnaezuinenifiuaiinen (ADC) vu1a 10 fin 1nda 8 vea

4 =t o
1 TuganfisumsuusiAuszuinen (Analog Comparator)
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® Mg néﬂﬁ‘l!ﬁﬂqﬁuﬂﬂﬂ‘qm uﬁfquun UART (Universal Asynchronous Receiver
Transmitters) oY RS232, SPI (Serial Peripheral Interface)

o Tvmeimdunnerfymitnan 531

o nuiussduiidsnlszine 4.5-5.5 v

3.6.2 MM I NIMUAGE YY1 ATMEGAG4

54 8
T
gopiizaicid 34
- - -
s FEREEEEESd5E
(sinRaNalalaRaRadslalniulalalinks)
E&E‘%8358$853$333m8Q“DP“MTJ
RXDOUPI) PED [ 2 47 [IPAA (AD4)
(TXD0PpO0) PE1 (33 48 TIPAS (ADE)
INCHOAm; PE2 [ 4 A5 1IPAG (ADE)
ocanamt PE3 5 44 CIPAT (ADT)
{OCIB/INT4) PE4 [l @ 43 [IPBALE}
{OCACINTS) PES [ 7 4203PC7 (a18)
T PES [ 8 41 JPCH (A14)
poann PE7 [0 40 [1PCS (A13)
{58} PBD [J10 32 2PCA {A1D)
(SCK) PB1 [ 1% [OPCa{AL)
NOS1) PB2 [] 12 17 [rC2 (a0
S0} PR3 [ 13 368 C1PCY {AD)
{OC0) PB4 [ 14 35 1PCO (AB)
OCIA) PES 115 M Drciul)
10C18) PBB R
H % seasngagangansa [ 00
UUUUUUUUUEHEUEUE
EgResdzacBRasEe
eEg* TEEERugee
§ -4 4= X
g €3g¢
o » o ] o
ilh'l 3.14 uﬂmﬂummsﬁmmmwmnawmum ATMEGA64
® VCC
vissauInase
® GND
VINT1A

® Port A (PAOD...PA7)



¢ = o aa Y ” N
vmesmiudunnieriymaaen Mnuamsyaswmeoluvimesns Gintemal
pull-up register) uazansalfudiune fnsunndgyapuezuinen (ap
Converter) 18
Port B (PBO...PB7)

o o o aa a o .
vyimesndhiBuymieriynasnen AuamayasnmuluvimesnK (intemal
pull-up register)

Port C (PCO...PC7)

o a 4 an o L4 N
vmoiniluduynieriynasaea Amuanisyasnmelurmend intemal
pull-up register)

Port D (PDO...PD7)

4 ey 4 as o 4 »

vmesnitiuduymieriymasaoa Amuansyasmnieluyinesn14 (intemal
da ) A '

pull-up register) uazituvime iy (v vudeudowssnoynIy

Port E (PEO...PE7)

4 = « o o 4 .
vimesnidluduypmiersynasnea fmuamsnadnavluvimesn4 (intemal
pull-up register)

Port F (PFO...PFT)

s o 4 o Y 4 .

vimesnidfuduymieriymasnon Amuamsyadwmoluvmesnly (intemal
4 4 A '

pull-up register) MmhAdwvnmusodoudonvy JITAG 18 wazaunsald

smuilumesmdumdgygnussuiaen (A/D Converter) 1440

Port G (PGO...PG4)

' ) 4 S o LY 4 .
vimosmibudunnieriymadnen Amuamsyadnaeluvimein’ld (intemal
pull-up register)

Reset
-]
IELT YL P
XTALI
[ o o < o P L4
vivieAsadaesndinmos ¥9I 1 AN

XTAL2

20
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nAsaInAnoadFIIReS Y9N 2 Aueniyn
® AVCC
@ o s ana
vusdudmiumein F uns Tugaudasdygnaesnasnitiudinen
® AREF
vusduszunendwdid miy Tugaulasdggpuesuaoniiudinen
® PIN

o '
w119 lumsae Ty sunsunuy SPI Serial mode

3.7 Ny dgga Amplifier
3.7.1 Nesvedgygnauuundune (Inverting amplifier)
Y A al et s da
NeTvedgygamuunduma Asnesveenldggnaueniymiiiasinmvene

dygnaudunmuaziimans @ dudyg udunm

jﬂﬁ 3.15 7995 Inverting amplifier

mmhimyannzengleser ldauduiuivednssduduyn fe
Ve =0=V,

Avsufi Tvua v, 990 KCL 9218

AR

R R,

-0
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A ’ '
ifumumm v, = 0 salueumsdadues 18

-V
LA
R R
R
v,- - =L,
Rl
Rf

Fam R fofdasienvvesises

& W a Y [é a o [Y -
Fandasvowiindhuauiisinndgygpaeniynlimsefuradudygradunm

3.7.2 1osvnuuuulinduivla (Non inverting amplifier)
o LI - da 4 d a
Nesvnedgauuuy hindume Avavsvnshlidggraeniynnifasinmsny

dygraduynuazlidaasafiudygrudunm

Ryl

vava Ay

d i -
710 3.16 2995Non inverting amplifier unzdggIuduynuazieninym

Ansaneingles 14
Vir= V= ¥,
A9sani Tnua v, 990 KCL 918
Vo, Y Vo
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dounum Yo = ¥ tunumstudu s218
V V-V

2,07 %l g

R R
V.= (4R, RV,

3.3 NeIfTuuAiruusafu Voltage comparator
J L A - ‘ L] N L]
Comparator 8NN3 IFIuNIRTINTBUUIIRUYEIB UMl Il mganTekinh
- a
B Sunmnih Kagilil uomauguve93 comparator Tnons 1oerlueud]

+ Vsapply
s}

vl o——|
V2 >—o Yout

bg
8

- Vsupply
11 3.17 Comparator Tnema1¥amlueni

dmnhilinunnninesy voltage ¥89 VI uoz V2 Wvaizlaqués sy oml
»
uorthlufantsani oz satntion 1 Vout weveerluear] Assiideamy aruunnn
83 V1 uag V2

381 New-iuverting Comparator
dmnadeinifier  dtet  dyggumdunmssumiuile Indygaidunt
uyefu figeniro v iafuuiaﬁﬁunﬁmnﬂaﬁaﬁj o v dethuasiubrndeienl $04
W1 inverting ¥8388tluBilNBMUN T thu non-inverting ihuognen Vin Ardun
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+ Vsupply

.
E

L e &
PRV S S ——
—— v - e - —
i e e v T —

- &
L_"'-[
]

Ny

U7 3.19 AgygnadunniazioniyMYe91983 Non inverting comparator

diolafmufidyana vin #1 noo- inverting iunilussduunannnndt o v nssdu
niyn vesoeueuilfezliusedu +vsat Amindggna vin Wwuduussduday wniyn
wosootuonilfesiil -Vsat (Mvea Vsat sximdiea Tauuium Vsupply fisel¥fuesyueuil)
Audrodumsldnuiegees companator tumsWnSoudeudygna Failannsefiesinly
Uszygndl$miia 1 ursesBidansedingd
3.8.2 Inverting Comparsator
duNInverting comparatord:u i vref fiaueuduIBTAY (Non-Inverting) (+) Ung
Ty udunn (vi) Aa0unosA (nverting) () usaduenn Vo willu +Vs iile Vi > Vrer

. 4
uaznI IR NA Vo 91T Vs 1llD Vi < Vref
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e e e
— - -
.
- o e i e

i
UL

4 a .
iﬂ’ﬂ 321 ﬁ’q;egmauummstmﬁv‘manws Inverting comparator

3.8.3 Window Comparater
vensmesnfFoudisuhrsanuiing ludadaiisesn S sudouinun Windows
Comparator #99zilsadud 8 2 ssfh idanmsuSsuiouludnyasssansoudreds
vy hideduitisnarmarhouudsnsunenFodfisud mlszammilaGonda
Schmitt Trigger Bafivvsfauaaslugild s Fuzhneniidenaesileiidnuasuuuinfy
2997 Inverter Comparator usfi¥Buanmeiiiu18¥afeiimideunduvesdygranduuuuuan

A =l = @ & = '
(Positive Feedback) ¥auziiqamsdngassduissduvesdogu 2 yafeiondn Upper Threshold



Point (UTP) #0% Lower Threshold Point (LTP) anniadiuisiszduussdudededmiums
wRsudionldnn

V.
R,+R2 "(“‘ .w)

% —L—x(- Vsar)

R1+R2

<
;ﬂ'n 3.22 197 Window comparator

v Qutput
&BV W - - ‘-'ﬂpmuﬂ--«-mL
Window
45 V- / _~N
2 input T
(]

111 3.23 doygaduyNuAZIO N YNYB329935 Window comparator
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3.9 Monostable
L4 . o <
VINAYG 1O N YMYBI2395 Window Comparator 939N 111912995 Monostable 41y
3 &
105997114 IC Monostable tuad CD4538 Taon131431mlu1993119214 1C Monostable 1yavouw
J -~ o 4
Juveadunn A waziinisfloutogic high WLBUNM B 1azun Clear @11A1573 Truthtable 61
J oo o [ :
winiidgygavenniudunidunm A ssh Wdioniyn dudygpaied dygpatadil
»
AI0AI Pulse duration 18 TAgn1sAn Rx uag Cx Sududdmdmnzdadmlszymouen

LAZA Pulse duration 11 18970 Rx*Cx wuuilu Jui

inputs Outputs
Clear A B a
L X X L H
X H X L H
X X L L H
H L l L ar
H T H JL r

51 3.24 A1593 Truth table Y89 IC Monostable 11185 CD4538

& +6 Volzs
FItY )
ﬂlé
UTA
1T oo
< T2A
vin % Ccoa
s Anfoput
BalPUT
o abi— JTLIL
T 8 Trigoer Signal
VS5 vien detacted
CI4s288

0
11 3.25 12993071 Monostable
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3,10 MIAARBUVY SPI (Serial Peripheral Interface)

3.10.1 mMiuveni SPI

szuiaveq spl s Wmodyanadiuiu 4 1 &u Chitfuais GND) fle SCK (Serial Clock),
SSEL (Slave Select), MISO (Master In Slave Qut) 1t82 MOSI (Master Qut Slave In) 'Iam’(gqm
sck ifudggnandmitadraifdudadodou i nsmname fnfoiuniudya auim
domanuduman vimviso  Duniudoyadmivnmans dau Most iluvidideynein
wanes

Tuszyuria spr ez lulimsdmuauemasa mﬂﬁnnqﬂnsﬂfﬁ'zﬁﬁmnwﬁmia 144w
nsdadgyanalfn siave Select Fuiluvuwndranin é’afuﬁﬁqﬂnsﬁ SP1 nmuiafideniox
Auszdoaron SCK, MISO, MOST v mAu1K uAnflde il Slave Select vednauundu &

- ’ W
uaralugii 3.26 uaninsAogungel sp1 AuluTsaouTnsaines

SLAVE
MASIER . e
MICROCONTROLLER &0
— SCK
DA TA OUT(MOSI) -
DaA e m0) e
SERTAL CLOCK (SCX) 50
=) ] SCK
851 cs
£51
— St
O
L ecx
cs

11171 3.26 uzrasmsAeqUnIaive sz SPI
Tutiar spi szuviaginsalldidhu 2 Ussianfoanaines (Master) uasaian (Stave) 115
Wamthanaaeim 18 Taomsdov: sseL Witdaetadu 1 dnhanudumanii14Tavdon
sSEL ihiugunsaifidhanmned
gunsefiluinmeeseniiugaunuia spr Tasdadgygnm sck Tildgnsaynda dle
fosmadongiinsaidala Idaneda 0 Tldavr SSEL wiew1 CS (Chip Select) vosgunsel uda3a
defoyaldigunsaimev Most ezfudeyaningilnseiiumian miso



3.102 fmwnoluncwisudeyovealnua se1

TuTvun SPT M3 shift uae latch voadoyasznmziluseiinssiuduvesvoudyga
clock é«zﬂmiﬁmunfwmﬂqmmmﬂm (Clock Polarity: CPOL) 11 1¥ihaneflszAuusasu 1
w30 0 unzfhmumdouosdygraumn (Clock Phase: CPHA) dadimunliflulnuading1d
FHavam 4 Tnum deguldt 3.27

SPI Transfer Timing

SPI Mode Timing Diagram

Mode 0 | ding
SCLK
Positive Pulse. —t
Latch, then Shift. jgse MSBI I
S LSL 8
Mode 1 -> - if -
SCLK ‘ J—“
Positive Pulse.

. MOSI, ]

to
o
‘o

L 8L 8L 8 I; S L 8L 8L SL S
Mode 2 IR R EENEEEE EERENE" -
SCLK ‘ ’
Negative Pulse.
.. MOSI, x x x x x
Latch, then Shift. MISO MSB LSB
S8 L SLSL SL SL SL SL 881
Mode 3 -> -bwr--v-r*r-vv--ﬁb--{r-b{

—*
—*
r';_

Negative Pulse. 0\ '_L’_LFL
sti, men Latch. sy Isef | [ YT {1 YT ¥7])

fﬁ

d - 1] :
UM 3.27 Timing diagram Y04N15ARABIUUSPIN THUA
Tas  Mode 0 iilumssmual¥ CPOL-0 uag CPHA=0
Mode 1 tiiumidmuahf CPOL-0 uaz CPHA=1



Mode 2 iflumsfimuald cPoL~1 unz CPHA=0
Mode 3 (Sum3dmuald cPoL=1 uaz CPHA=1

o J A
msdmuamidunls CPOL unz CPHA seReadmunmugilovesgiinsel spi ideams

- 1] J A L] o« J
Ande Faszuaanuduiuisznindygia SCK unzdoyn1ddwmisai 3.4

- A - y -t
CPOLuns CPHA | Joyaiiausnuuile Soyadindun qudoyahn

, 4 z
CPOL=0, CPHA=) | NOUYOUVIVUYOI SCK | YOUVIANYON SCK YOUNIYUNDI SCK

4 £
CPOL~0, CPHA=1 YOUNIVUYD SCK YOUYIYUY0I SCK VOUVIONYEI SCK

v &
CPOL=1, CPHA=0 | NDUYDUNIMIYEI SCK | VYBUVIWUYEI SCK YOUVINNYDI SCK

&
CPOL=1, CPHA=1 YOUYINNYDI SCK VOUVINYDY SCK YOUNINUYOI SCK

o o ]
MINA 3.4 uamannuduRuiizniN CPHA unzdoyn

3.1 31135 ToaTnd (File Allocation Table: FAT)
szuulfiiantivesneuRunoiudazundaofy (Platiorm) szlimssamsszuynalu
afaRaARuAnAAY vszuyrane frzuy I dnategluuy Taoszuy Wdifuduar
A¥uendumisvsadoyaraiejuumiaaadies lregrratny Undidedoeriaaarintmi
Fovhnmsdadoyn (Forman) Wafadadteufi hiussgdoyamsdadoyalumindadiy
maneiaRatooniudaug e Wnoufunei{hdumisvesfoynognssnu
FATHuszuu INdA 19 lus suul fiianis lunsega Microsoft unziduszuy INGAs
Ruunsuesesoiiies 1:uu‘lﬂﬁ1umzqm‘fﬁﬁnumzﬁn Wumsdmuannoneldiu
nnandemass Cluster) Tuudazdnuiswesariadad (Panition) udnthimsadiamnaiigmau
yosmmdmaundmand iModumsssyaoiinfondmaeiAmnsiudoyavesIdudas Ind
unzimaednmaanilsiiGondlasame’ irectory) dmiuiudoynsvazidoavesInd iwu
AuANNE (Attribute) #14  UAE MANEDY Cluster FuRuflifuidoynssa q
ssuudamsIidiuy FAT duszuni higenndudoy ﬁ’afuﬁmnmﬁmmnn
suml§iRnmsifiegdmiunouRuneituynnn uasdinzainlumsuanndoudoynsemha
zumJﬁﬁnnﬁ‘tmnﬁﬁuﬂqunﬁafmunoui’maﬂﬂ?mlﬁmﬁu'ﬁaé’awmizum"nm:"lﬂﬁ'

uuy FAT fie o WdgnauuazIWdlmigniFeunslyl unsnmud (fragment) vosudnz Indees
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Tomanszianszarveonlogiafimizsnmud dealimssnunsnsFouIMdilésh ms
fadudoyathumiaiimaiiidmssadeaduny FaTdusziion udvedoniimsdatos
doynofriosq uazdlunszumnilgnaunn

5201 WG FAT fnanegudade il

3.11.1 FAT12

szuw FATIZ ihuuiidwdfqavesnseqa FAT W¥uszuul§iams pos #1412 i
umsSradedamnonvnimaed mswasfurunsodiadindmne1&uniine 4086 afmand
(szana 2 enfida 12 = 4096 unzﬂn‘faﬁmqﬁm‘lﬁﬁuﬂagmﬁmﬁuﬁa FAT 184) 5211 FATI2
Sumnzdumianuditidedlinn wy Floppy Disk W3edadvuadnfifiden iy 16
wonz 1A uagszuy FATI2 Hannsa o dfidonnfiv 8.3 Fadnysmniy

3.11.2 FATI6

awnselnuswfusznnifi@nisinarnmail4 isu DOS, Windows 95, Windows 98,
Windows ME, 0572, Linux $11 16 fin iedufamnsinvndained mszazuannsodiedeld
Wanun 65526 AReiAeS (Uszane 2 onfds 16 = 65536 unzﬁn‘fsﬁ'umr'quh‘r’xﬁm‘l’ogmﬁmﬁuﬁq
FAT 109) FATI6 siugnoonuuuaniie ey ndaequudndnnadanovnanars i
iloRszan 2048 wnelud

lgM1983 FATIG fiD

1. sty FATI6 Waiiuilveamizsnudrdunlfesun M3EIUIUGIgAYBINTT
(ABIAOMITAYYU (Maximum number of cluster per partition) 1fuqnﬁmumm'ﬁmuﬁ1 (65526 nde
ined) fofudomizsnudfiviai g udhinnundamesduiudy fmneninimng
vowndmmesfse Inguaniére osrntunsdveamizsnadona 2 Anglud ussiinda
oA lngjia 32 Alalud duitmuenudh aeliinRuiienm sy dios 10 1 uduuin
voa Ildfeeiit 32 Alalud Sudluvwnadngrveandainesinfide

2. Safrfadornnagegrveamizoniudiilsosiuld msrzFudu FATI6 gneoniuy
ez Wawfudadativnadn  fofulugausnqdailgmmundeszuy FaTis
MSDOS gausn aunsosesiumbennuiil&ifiss 32 wozlud mnfu urogaudleld
soefu14iilu 128 wnzlud T Ms-Dos 4.0 unzFesuuiiu 2 Ane udluilegiu

o™ J ‘ -1 L 4 1 0’# 1] o
3. 5201 FAT16 annsa ldnusu Inantissoinnes 8.3 8 nusimmivwuiiendu
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FATI2 A l5umstlfutgaMianuennsenniuly Windows 95 ideldaunsolfamiuInd
fifidoun2 18 Niifiu 256 #8nus (3un FATI6 §uil Virtual FAT 4% VFAT
3.11.3 FAT32

szuv FAT32 Wiussunl §iiRms Windows 95/98, Windows ME, Windows 2000 Tagiih
maufluRuidnen  FATI6 iofer 8BS mundmneddemsasunniy  dufuiaed
anuanIefezsesiumizsnnudiinnalnggegalfie 2 mzlud 2000 Anslud) Faex
1% 28 fin @n 4 iin oo sufuaunsodredindmneEionun 286 Aundmand
szana 2 snfds 28 uarlidofud i isifudeynidsafuda FAT 109) azszu FAT32 &

- A L -
a17035835 U0 IdIuVeN (Long File Name : LEN) fin 255 #dnws 148ndAe

FATI12 FATI16 FAT32
Developer Microsoft
Full Name File Allocation Table
{12-bit version) {16-bit version) (32-bit version)
Introduce 1977 (Microsoft Disk | July 1988 (MS-DOS 4.0) August 1996
BASIC) (Window 95 OSR2)
Structures
Directory contents Table
File allocation Linked List
Bad blocks Linked List
Limits
Max file size 32MB 2GB 4GB
Max number of files 4,077 65,517 268,435,437
Max file name size 8.3 or 255 when using LFNs
Max volume size 32 MB 2GB 2TB
4 GB with some
implementation
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. 1dnAedt1384 (Reserved sectors) o lududue Tavmimesdrsosusngaiiu
\MFRIADS (Boot Sector) $93 2 RUAA36NT1 BIOS Parameter Block TaoinAszalsznoudanlda
Sufuvesszunlfiams w‘}q61mwmwnma§ﬂ1sm\rfqnumzqns:ung"‘ludwi‘f doyadiny
AnqenynsamesaunsadderiuInseadinszunl§ians A5oni1 Drive Parameter Block
4 DOS une 0s/2

2. vinwmedaTudIiG FAT Region) duilifszneuldaenremsdadeaid 2 ya
ganihdminldausdunsdnygaiiumsdrsed 13 unaduiiu TasuSnamsisade Inge
waeandosfuuTudoyn (Data Region) Kimdhilseydumindmnaesves Induazlaganos
ANe)

- : o o4
3. vinallmianed (Reot Directory Region) fifiom1s 11 lasaneidunudoya

y ¥
ol o

Aeariu duaz lasaneiaieq Tuszuusams IMauUY FATI2 ung FAT16 M3t laisanoiiiey
ogluuSnalasanediviniu unzlinnagegafinivou udluszuusams duuy FAT2 msne
'lmsmm‘%v:au’smﬁuwﬁdnﬂuu‘inmﬂaqn Frerunsovnovnesen i va

4. Uinudeyn (ata Reglon) iiut il Inddoyaogeds vurnves Iduaz ladanedtes

.' J ] Jd o o« -3 1
aunsauiu A ilindmaosimiony

3.11.4.1 ymidruneiuozTasaed1s BPB (Bios Parameter Block)

Fo Tvd | sum wozidua
soriidn | (1)

BS_jmpBoot 0x00 3 fhf?qnsz'[nn(n‘i‘oﬁvz‘l‘hmhuﬁ'wmmmn)
BS OEMName | 0x03 8 | #5 OEM AvugIuAD IBM 3.3 8 MS-DOS 5.0
BPB BytsPerSec | 0x0B 2 S udrenitudnmes
BPB SecPerClus | 0xOD 1 Snudnmeidenilindmany
BPB_RsvdSecCnt | OxOE 2 frunveudmmesdhsoaluuin Reserved
BPB_NumFATs | OxI10 1 $nuveImsmstaitsadoyn
BPB_RootEntCnt | Ox11 2 fwuvesladane uaSina Root directory
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»
o L. A -
dmiu FaT32 Mrfissidluguiiiieaninuion Root
directory¥3 FAT32 szags i Iaaaq luusia
fioya

BPB_TotSec16

0x13

o o H - > o o
MU ']ul‘lﬂlﬂﬂ;i'll.l"‘n’luaﬂﬂw".ﬁl'lm“ﬂa iy

FAT32 Mifiszdlugud

BPB_Media

0x15

AN TTTAY

0xF8 ATUIAD7, 80 UNSNADAIY, 9 1¥AMBTABININ
OxF9 TBIATY, 80 UNTNADATY, 9 IFALADIABUNIN

OxFA A1UIAYY, 80 INTNADAIY, 8 (FAADTABIN TN
0xFB §03A1U, 80 UNINADBAIM, 8 IFAADIABUNIN

OxFC AR, 40 LINTAADAIY, 9 IFAIRDIABUNSA
0xFD 683814, 40 UNTNABAIL, O (FAIRDIABINTN
OxFE ATUIAD, 40 INTNADAIY, 8 1XAIADTADINTN

OxFF ﬂﬂd"l'u, 40 Uns5 nwiaﬁ'm, 8 Wﬂlﬂﬂi{ﬂ'mm‘iﬂ

BPB_FATSzl6

Ox16

9 o a0 A o o
ﬂ'l'l.l')'l.ll‘lﬂlﬂﬂTﬂﬂ“uiﬂ‘lf‘lﬂﬂ‘ﬁﬂﬁﬁﬂiﬁﬂuﬁ

BPB_SecPerTrk

0x18

’ 4
Sunndnned AenilaTrack

BPB_NumHeads

Ox1A

MUY NIAT NI UNITOUMDSY ox13

BPB_HiddSec

0x1C

d e v
SR NgnAoU

BPB_TotSec32

0x20

Sla oo

» 4 ]
SRS mMinsaves il dmsuy

FATI6 miiinziflugud

o 4 4 B
A131af 3.6 Tnseedufugveymdamesuas BPB ¥l lunnine fuvesFAT

3o Tud | v Tyazidua
eorlidn | (lus)
BPB_FATSz32 0x24 4 | $nrudnmeidonihmsinidadodoya
BPB_ExtFlags 0x28 2 | wfesmmemsnumssaidoadoyn
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BPB_FSVer 0x2A 2 | 1eidu
BPB_RootClus 0x2C 4 o yveInamaeiusnlu Root directory
BPB_FSinfo 0x30 2 | munuvdnmoivoudninoidoya FS
BPB_BkBootSec 0x32 2 | mnsavdmanivesduunmsnaed
BPB_Reserved 0x34 12 | dwdisos
BS DrvNum 0x40 1 | vineevRdnenlasd
BS_Reserved] Ox41 1 daudises
BS_BootSig 0x42 1 | Fnuived (Signature)
BS_VolID 0x43 4 L GLETRG
BS_VolLab 0x47 11 | Thquonun (Volume Label)
BS _FilSysType 0x52 8 | winveaszuuInd douiu FAT32 (e
oxsA | 420 | TAaymszuulfinnis
OXIFE 2 | SmmoTgarte (0xSs, 0xAA)

d J a2
m319# 3.7 Tnssadrvesymidmmesuas BPB Mitfudiuinlu FAT32

3.11.4.2 mInlasaned

aselasanenilu IMdsiatimnuaas lasanes dogpiudsnduluuimvesInames)

L d 1 L
usazdniolasameidsenoulidin 32 Tud udasludeztiufindelnd, wiwanalnd,

qudnvuzver M (vilawenmsdify, laisane3, gnafou, sldeiude, szuy, uazaiuy),

o o Y 43
Fu namIndgnade, uearsavesndmnefusnvedIdnelasameTiiu uazgqaiefiovuin

o
voeMduiolaisane’d

& A‘ : : -, J A L = & d-
Huamlasanehiamuaia luSnalasameiuaz lu laaamees Tipuuy &l

Tudeeviidn | viallud) wozidan
0x00 8 0x00
0x08 3 indoamnevesns uiadedoyn
0x0B 1 iin Mask NunzidyR
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0 0x01 | gw'ldedade
1 0x02 | gnwou
2 0x04 | 33111
3 0x08 | Taquonua
4 ox10 | ladameiten
5 0x20 | tenmsdhfig
6 ox40 | qlnsal
7 0x80 | Tild
0x0C #1303 gnl§TaeNT
0x0D naad g, Anunzden 10 Goasud megisendn o-199
Ox0E i TB0zIBUa
15-11 $2T4 (023)
10-5 WM (0-59)
40 T2 (0-29)
0x10 in Twazidun
15-9 1! (0=1980, 127=2107)
8-5 (@0 (1=un351AY, 12=FUNNY)
40 Fuit 131)
0x12 FuilanIdmga qludoeri¥n oxor 1lszney
Ox14 il EA (gn1¥lae 0s/2 ung NT) Tu FATI2 uaz FATI6 w30 21ud
guveandmaosusnlu FAT32
0x16 nofuflyInGd e g ludeeriSa oxok Wszney
Ox18 FuiiuflvIndiga gludeeriSa ox10 lszneu
0x1A ndaaesusnlu FATI2 uaz FATI6, w30 2 Tudkwesndmaesiusn
T FAT32
0x1C nnalnd

P o
15199 3.8 Insaadaveansnlasanes
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4 o IJ L ) '3 d ’a o
vinavssnzadmneiVuegiusiiavesszunIiduuy FAT Mlduazviiaveamidsu

= o 1 ] = - v = l 4
TannAviiaveandainesszegsznin 2 ilaludta 32 Alalud usas Idenesfuifion

1 L J \ K O’l L3 ' v Jﬁ o
1IN 1 admasivuegfiuviiaves Idiu ua lisufudesilundamneindady

o 4 { o
msmsiasudeyaiiuayasievoves IMdidy

azndmno il FAT sztiufindoya 1 lu 5 &l

- usalasavondmansdal e Ind

- a0 usuaAgadugavel NG

] ar o
- ﬂﬂ'Iu:llﬁﬂ\r]“ﬂuﬂnﬂlﬂﬂﬁlaﬂ (bad cluster)

- aozuaarinilundameingndina 1y

& ' Y w1
- gudionaasinilundmnesn Lignlé

o oo

nUINY

AumisndamosvosWd ud

3 o o s o o = o o'
unn:nnwuﬂﬂuzuu'lﬂmmumsumnmiwﬁagn 92AYHINVOINATNADT IHAIIN

o ol d o & é 1 o ar v ' @
mitaGuiieyananiu dwwinssgnssylasieveudaziodsu ¥y szuund FATI6 nda

o al ™y Y | 4
wafeziivuia 16 fin wvushl FATI2 0214 32 iin mweuaveamsadun ngjiu & FAT32 o2

4 A L] @ : 1 A
fiszanEmmunni lunsdl FATI6 15189910 FAT32 annsoutiandmans Wilvuiaidnniids

1] = J J 4 1
ey Nesinuigglanissnilunsdl FATI6

FAT12 FAT16 FAT32 1uazidun
0%000 0x0000 0x?0000000 fdmAei1a
0x001 0x0001 0x70000001 ndmAnidI0g
Ox002-0xFEF | 0x0002-0Xffef | 0x?0000002-0x?FFFFFEF | afmaeifignlda, i

voundmaninaly

OxFFO-OxFF6 | OXFFFO-OXFFF6 | Ox?FFFFFFO-Ox?FFFFFF6 | md1509
OxFF7 OXFFF7 Ox?FFFFFF7 namaeside
OxFF8-0xFFF | OXFFF8-OxFFFF | Ox?FFFFFF8-0x’FFFFFFF | admaniganiovesInd

d' P ¥ o o
m7198 3.9 MaAng tumsemstasusdoyn

dunai1 FAT32 oz 14ifiva 28 fin 91n 32 nfiannso 1414 Tanlod 4 fnuueeiinuiiugud
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16 2.8-29
17 2.9-3.0
18 3.0-3.1
19 3.1-3.2
20 3233
21 3334
22 3.4-35
23 3.5-36
24-30 Reserved
31 Card power up status bit (Busy)

|
A3 1IN 3.10 OCR Register Definitions

3.12.2 fMifsuncmsaeunty

¢ : . d
Tulnun sp1iiu Tnssadwvesfidaszgnimua diinnuen 6 Byte Fauamslugili

A [} y 1 J o Y A
3.30 iogafidagnaallfimin sxlimsasundusinnidalii Host Tugiuuy R1, R2 v3o R3

4 : > o i P
iieannmsaie ToudeyaiuezgniiuTas Clock uueynINR Host ¥ 194 AT Host 92409

3 4 v o o PN ' - o o
#5724 Clock Ao i suninz tdSumsasunduninmia ¥raszeznarfoufimiassaoundy

na19n145uMd 1910 Host (NCR) fib 0 819 8 Byte 51 SDC Liag 1 84 8 Byte d1MTU MMC

v da ' o - a
Tuyshitins Toudiedioyail 1 ss szdosgnimualdiinoizasinidu o iaue

i Command Frams "Ner R1 resp.
1 | | i |
scux A A AR AT
| | | | | |
o W] tndex ' Augument ‘ M%ﬂ e i
| b5 "iJ'F'" ] i | o | | !
po {of Fiage |

{ o
31/ 3.30 Command Frame #1990 Host Thmmia
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3.12.3 yafdailulnua ser

[] » 3 ) 1 M
smdathduResida Taoia Tun g miumso Wouuas Initial Card i

Command Argument Response | Data | Abbreviation Description

Index

CMDO None(0) R1 No | GO _IDLE STATE Software reset.

CMD1 None(0) R1 No | SEND_OP_COND Initiate
initialization
process.

CMD9 None(0) R1 Yes | SEND_CSD Read CSD
register.

CMDI10 None(() Rl Yes | SEND CID Read CID
register.

CMD12 None(0) R1b No | STOP TRANSMISSION Stop to read
data.

CMD17 Address[31:0] | R1 Yes | READ _SINGLE BLOCK Read a block.

CMDI18 Address[31:0] | R1 Yes | READ MULTIPLE_BLOCK Read multiple
blocks.

CMD23 Number of Rl No | SET_BLOCK COUNT For only MMC.

blocks[15:0] Define number

of blocks to
transfer
with next multi-
block read/write
command.

ACMD23(*1) | Number of Rl No [ SET_WR_BLOCK_ERASE COUNT | Foronly SDC.

blocks[22:0] Define number

of blocks to pre-
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erase
with next muiti-
block write

command.

CMD24 Address[31:0] | R1 Yes | WRITE_BLOCK Write a block.

CMD25 Address[31:0] | R1 Yes | WRITE_MULTIPLE_BLOCK Write multiple
blocks.

CMDS55 None(0) Rl No | APP_CMD Application
specific

command.

CMD58 None(0) K3 No | READ OCR Read OCR.

*1: ACMD <n> means a command sequence of CMD55-CMD <n>.

A 4
A15199 3.11 uaraayadidaved Tnua S

3.12.4 Command Response Tulnua SPI
o s 1 - o A ‘; ¥ o
m3aounduluTvua SPI veliogaugiuuu Ao R1, R2 uag R3 Aaguii 3.31 Yusyiu
o & d ' te & 1 a o al
fai Host dan uadrdadmmnnesiimsasunduluguuy r1 $mn R1 sy 0xo00 uaad

i ’ - = J H u.l [ & ¥ :
111Uﬁﬁﬂﬂﬂﬂﬂ1ﬂlﬂﬂﬂ‘u AIUMIADUAHDULL R3 HHIzZABLUNRUINWIZ CMDS8 INTUU

R1 Response R3 Response

[OHHIHLl_ Ri]  OCR |
In ldle Stat
Erase Resot L ocr pzeiy
iiligal Command Same as R1
Command CRC Error
Erase Sequense Error
Address Emror

Parameter Error

d . |
3Uf 331 MImpunfLIUUAmag
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3.13 macwleudeyn

3.13.1 Data Packet it0z Data response

TunsdwToudoya sziimsdiuToundasiniimsds Command Response u#2 ufton
doynvzgnaiToulugl Data Packet $41152n011/&20 Data Token, Data Block 1102 CRC #4

A ] - 4 & v o 3 o A
umaalugaif 3.32 awitn 1891 Data Token exflogamuuu Filusgfuudazfidanas

Data Packet
[Data Token] Data Block | cre |

Thyte 1- 2048 bytes 2 bytes
Data Token Error Token
1]1}1]|1]1}11]|1]| 0] Data roken for CHDI7/18/24 |0|010! Flags I
1]11]111]1]1] 0| 0| Data teken for CHD2S L Ewor
111[1[1[1[1]o]1] Srop Tran token for cMD2S _ ot T taed

Owt of tange

Data Response Catd is locked
[x]x]x] o] statws [1]

0 1 0—— Data accepted
41 0 1—— Data rejected due to a CRC emror
1 1 0 —— Data rejected due to a write ssror

4
31 3.32 Tnseer¥19904Data Packet

3.13.2 Single Block Read

Argoment Airemheddaissdudmuauennsaduduvedfoyaitazsn idodidail
ésumsmeundy aszuoumsstudeyaiiszduiv Tnvyadoyaiifosntssnnfufezgadsss
Host 1110 Host A379MY Data Token g1 Host Avghimaguudondoyafiniunds Token v

A o - a 4 d a v d d
ulﬂUﬂ’nuﬂﬂ“ﬂ1ﬂlﬂﬂﬂu1uﬂ1iﬂ141u Token “llﬁﬂQﬂTIUNﬂ“ﬂ1ﬂ“3qnﬂ4u1““u“ﬂﬂﬂﬂ«ﬂqa



DI CMD17 cmd
/Resp,
DO L] | Daapacket |
Lobe
DI CND1E /ﬁ.'":;. - = T omz]| | cmd
Data Packet Packet
C s o

31 3.33 firdf 104 Single Block Read

3.13.3 f1¥4 Multiple Block Rea

d

& o . M y d \
mmﬁr‘ﬂumimuﬁnqammzﬂmuq vdennindumiaeamsanidimua Swinlii

3 - 1 1 & : 3 J o 1 F P
msfmuasivuuaoniumsewdeniiania13 nszurumss il dutivaoiion 1y isosq

v v y o ' I
sundnziimsdadds oMp 12 Tiimia maswmdeyaiiSaszngang

3.13.4 7184 Single Block Write

2ihyte
—)-I HE—
DI CMD24 | Data Packet
DO Busy
gmd A pota A 16ve |

71 3.34 a4 Single Block Write
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d o o Tuye . , d e 2 oa
diefhdaii 185umsaousu Host feshimsduminndoyaluimiandsnmiuiiugag

dd oo . ' 4
sz 1 Byte uRtinsvodoyaiifvzidnuuzmilousummninoyosdoyalufids Read iilo

deyagndaluiimsauds miafeznoundiindan Data Response W mialavduingjes

awsadoudoyaldudonas 512 Byte
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3.13.5 M&4 Multiple Block Write

Ehye e
o [o®as | Data Packet Data Packet ﬂ’u
bo Busy [l ] Busy |
foes: (~1a Rete:

A 13
3UM 3.35 fidavea Multiple Block Write
g 2 P, :
fidailezilondoyantaznarsn udenashlunemarafisidmua Sinluims
° -3 y r d'd a A v
fmuaiuuvdenlumsdTen miswlouiifeeduiinde liTes suntesgrnyalae sop

& ° a &4 ' ]
Tran Token @3z 1¥ifin Busy Flag Yu1111197243202 1 Byte #9910 Stop Tran Token



4.1 noesmelundesinmanulaeastmieimisesnuuuiigan

uni 4

nnaammun5aa’s'num'amdnaaﬁ'u

. o « o &
4.1.1) ']\Wﬂ"lﬂllmﬂiﬂ?']ﬁﬂun'ﬁlﬂﬁﬂu““1

4.1.2) 2esmugumsn e lagluTnsnouInsained AVR AT Megaéd

4.2) uwi'mﬂloimnh‘umnnéou‘lm

qunsaimeluases
1.

S L

PIR Sensor

Resistor IM2 x 6, 10k€2 x 5 11z 100k€2 x 1

Capacitor 100nF x 2, Capacitor 10uF x 3 {1a¥ 1 pF x 1

LM 324
CD4538
IN914 % §

Relay

-
4.2.1) Schematic ¥83239% asrdumantennd

IR

? % Yol
i
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P @ A
U 4.1 2esaresumanionIng

v S
.L kA
HF
I
T %
o |:!>“D,hf a7
it mé
3 OtweF
i .
i
A WTA
LT ] e
S oy Hrs wo
A
b |
Al A coa
A s 1 31 eampUT
4 *
% I & rn
2 LM YoF ST a
PR -l 4 SN0 T a Trigm: Figual
a2 12 vss e detected
WuF -
n CodSIes
LE]
oK s
K
$ Y 5 e
L TR e ™ -
0
~o
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42.2) wiivmsoenuyasansdumsingenin
nvsnsandunsafonlmadagi 4.1 fndnmehaugsil e PR asaeduns

indew T lug msdevudasnduanudeudursusa st Aamsuldoundasve nlszyd
Substrate Y84 PIR uaznmﬂﬁluuuﬂawmﬂszqﬁﬂ:'hh‘]’ﬂ‘lﬁFETmu‘lu PIR Tidgygauoninm
19 20 mVp-p MMM iiszgarh Tid1isesvenedeygain Non inverting
amplifier NSRS weWYszann 101 i1 ﬂﬂmé’ﬁmmmﬁqnwwﬁwm szt 2 Vpp
dgygnuieinnit Wezgmir Tli$11995 Inverting amplifier ASATIvMOsz1T31 1 0 Feygaedi
Wazimanduma vintfussidggui idiaes window comparator e MsiSsuriioy
HIIAY éi‘Nﬂi window comparator o993 Inverting comparator Ll1¥ Non inverting comparator é‘l
'Nwﬁrvzﬂ1mmﬁuutﬁuuusqé’uﬁ"uﬂ1»11u'lé’quﬁ'mm1m§nmnunz§'mnu Taondnmathau
YOUARL VI MU 2995 Inverting comparator §1 Vin > Vref 921 Vout = TiAstauyna
oovluouil azdh Vin < Vref 9218 Vout = Iidsauanvosooyuexd 8142993 Non inverting
comparator s¢inanms lumanduiufte &1 vin > vrer 9214 Vout = Iideaunveseeliond]
oz Vin < Vref 92 Vout = Wifssauveseerliond mimssiidunnpr lifidygw
NN dyg o niyniioonuninaes window comparator seliauiiugud usgwinildyg
[ENTMIINPIR FoyeueiynienIINI997 window comparator sxiifmAL INEuavesaaes
dygueTHNitoonu191n1993 window comparator 9231 TalweidfL IC Monostable CD4538
Famal¥rueeldduwns fin s Teemziluaedn High aaeanm dauduyna fle:14idn
ﬁ'q;apmuaumﬁw&umﬁumaqms window comparator 51u1nﬁﬁmq1mﬂnumi'fu ez
Hdgygnam3nine Ao IINNYEs CD4538 (116) T30 MN30MIATime constant 14 Tatn1313ush
R,, 0z C, dyg a0 1innii 14910 1C Monostable s llmiugudiadmToa’ing aingininaidi
Aoy 18uBMYN9IN IC Monostable N3 uFmans Q, oz Wioou KldTiad e uAdmnd
dgyg U0 NTYMUI9I0 IC Monostable Nz 1% niwdmpoi Q, oo azih Wiinszue Tuaru
find iTindha damsthemvedtindiufiafowainddumdida il Insneu Tnsiaed

Mo lyl



43) nesnugumahanlugandeslanliuinineuiniamed AVR wed ATMEGAG4
gunsaimitluiees
1. uBiAYIARDY AVR (U0T ATMEGAG4
2. Tugandies C328
3. MAX232

4. Fadmiy, Aufinlzy Arien

4.3.1) Schematic ¥o3091nugunIanlasluinsneninnines

Trigger signal fom
— motion datector cireudt
B=F "’%g fpe—a— O
‘;; E [ v ) % *-w"wmﬁ.:; -
) &3
AREY . — e
. T 5 m
—‘L o ] é-ﬂ I S axer nﬂ% EE
T P PO souie %g
L — &
m%
L ey [ % —_
B ol a—
£ =z
W .. o —A_E}

4
17 4.2 3esmugumshanlagluTasnouInsawmes AVR tne§ ATMEGA64
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ninnshaveseesi Taerulngjeziluudauvesms@onTulsunsy Falu
Tasaenilmni$idou Ao nnd

Tauduusn ndrnndenfoadrfurssud devhmaiouTusunsuTaedadda syne
(OxAA, 0x0D, 0x00, 0x00, 0x00, 0x00) Taeis19zidou Talsunsuliimsmgudds syNC sund
w8 udggpansunsueindindesTaoezugi 1égaqailszina 60 sou enkeq1d5udds
SYNC udnfu ndesssiimsdidygranounduuuihi (oxaa, 0x0E, 0.x0D, 0x00, 0x00, 0x00)
unziffondoandoulumslgamuds sevhmsdedyga SYNC nfuin $u1¥Readsdda ack
aoundy Tl Aurugimad iy

wiwnmfu dendeandorlums iy mboshmsdednds mital i hded
msfmuaviiann uazvuanminla & luglidumsdmuasudiung JpEG wua
640x480 Linzndpavriimsddyona ACK aouaduun Taslunnamdaiishmsdadaly
Wiudandos dndoaszhonhmadadggnu Ack aeundusnauaieiiumsuen 145y
ddauds Taodggnait 183 uneindandeaiu Wluius miuseRoainuiy oxaa uaztunin
aoaszifiu 0x0E erwe vt Turfieunfusemfousy luitnesvosdidaiisn 1ddudihl dda
w0l fio adamdauftousnvunves dglnnieanisvnadlud uo Sahmadadds
dronmitad (Snapshot) (OxAA, 0x05, 0x00, 0x00, 0x00, 0x00) niwniufimnsdehdaite
A3290UY A THATUN M (Get Picture Size) (OxAA, 0x04, 0x01, 0x00, 0x00, 0x00) Trundaavzh
mydadeyanduaniilunnadeyaveagimn Tastumsiudoymiuesiudoyaldfinzimay Tae

t L] L] - A .’l =
Tudazsuozivinadiu 512 Tud e suudhhmilimmwiuivumeesdoyaidlu 2050

Tt il vrsdan 512 Tl sz anun 4 tdsuveagalmm uazesfgnmmiosg 2 Tusf dadfu
mforhmsfugmmwimua s ol a1 nmasubagd niseniisr 65 utsy
plnmauysalnsumidinmudafeahimsdadida ACK (0x00, 0x0E, 0x00, 0x00, 0xF0, 0xF0) (e
vensunshnlumsdeplammilanm
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NAHUMN
Datasheet lugandes C328
General Description
The C328 module is a highly integrated serial camera board that can be attached to a wireless or PDA host
performing as a video camera or a JPEG compressed still camera. It provides a serial interface (RS-232)
and JPEG compression engine to act as a low cost and low powered camera module for high-resolution

serial bus security system or PDA accessory applications.

T G54 SRS PO 506 RER PG PRET Sm - rantena sanona

. PPYPPUFTV IV Frv e

OV7640/8 OV528 UART

§ VGA image <::> Compression <:::> Host
: Sensor Engine

f

EEPROM

‘ C328 camera module (Program)

e e menes e .

Figure 1 — System block diagram
Features

- Small in size, low cost and low powered (3.3V) camera module for high-resolution serial bus
security system or PDA accessory applications.

- On-board EEPROM provides a command-based interface to external host via RS-232.

- UART: 115.2Kbps for transferring JPEG still pictures or 160x128 preview @8bpp with 0.75fps.

- On board OmniVision OV7640/8 VGA color sensor.

- Built-in JPEG CODEC for different resolutions.

- Built-in down sampling, clamping and windowing circuits for VGA, QVGA, 160x120 or 80x60
image resolutions,

- Built-in color conversion circuits for 2-bit gray, 4-bir gray, 8-bit gray, 12-bit RGB, 16-bit RGB or
standard JPEG preview images.

- No external DRAM required.



System Configuration
1. Camera Sensor
The C328-7640 module uses OmniVision OV7640/8 VGA color digital CameraChips with an 8-bit
YCbCr interface.

2. OV528 Serial Bridge
The OV528 Serial Bridge is a JPEG CODEC embedded controller chip that can compress and
transfer image data from CameraChips to external device. The OV528 takes 8-bit YCbCr 422
progressive video data from an OV7640/8 CameraChip. The camera interface synchronizes with
input video data and performs down sampling, clamping and windowing functions with desired
resolution, as well as color conversion that is requested by the user through serial bus host
commands.
The JPEG CODEC can achieve higher compression ratio and better image quality for various image
resolutions,

3. Program EEPROM
A serial type program memory is built-in for C328-7640 to provide a set of user-friendly command

interfacing to external host.
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Figure 2 — C328-7640 board layout and serial interface pin

Serial Interface
1. Single Byte Timing Diagram
A single byte RS-232 transmission consists of the start bit, 8-bit contents and the stop bit. A start

bit is always 0, while a stop bit is always 1. LSB is sent out first and is right after the start bit.
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Figure 3 — RS-232 single byte timing diagram
2. Command Timing Diagram A single command consists of 6 continuous single byte RS-232
transmissions. The following is an example of SYNC (AA0D00000000h) command.



Command Set
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Figure 4 — RS-232 SYNC command timing diagram

The C328-7640 module supports total 11 commands for interfacing to host as following:

Command ID Number | Parameterl | Parameter2 | Parameter3 | Parameterd
Initial AAOLh 00h Color Type RAW JPEG
Resolution Resolution
(Sull image
only)
Get Picture AAQ4h Picture Type 00h 00h 00h
Snapshot AAO5h Snapshot Type| Skip Frame Skip Frame 00h
Low Byte High Byte
Set Package AA06h 08h Package Size | Package Size 00h
Si1ze Low Byte _High Byte
Set Baudrate AAO07h 1st Drvider 2nd Drvider 00h 00h
Reset AAQO8h Reset Type 00h 00h xxh*
Power Off AAOL 00h 00h 00h 00h
Data AAOAL Data Type | Length Byte 0 | Length Byte 1 Length Byte 2
SYNC AAQDh 00h 00h 00h 00h
ACK AAOQEh Command ID | ACK counter | 00h / Package | 00h / Package
ID Byte 0 ID Byte 1
NAK AA(QFh 00h NAK counter | Error Number 00h
Light AAl3hb Frequency 00h 00h 00h
Frequency Type

* If the parameter is OxFF, the command is a special Reset command and the firmware responds to it
immediately.

1. Initial (AAO1h) The host issues this command to configure the preview image size and color type.
After receiving this command, the module will send out an ACK command to the host if the configuration

success. Otherwise, an NACK command will be sent out.

1.1 Color Type
C328-7640 can support 7 different color types as follow:



2-bit Gray Scale Olh

4-bit Gray Scale 02h
8-bit Gray Scale 03h
12-bat Color 05h
16-bit Color 06h
JPEG 07h
1.2 Preview Resolution
80x60 01lh
160x120 03h

1.3 JPEG Resolution

Since the Embedded JPEG Code can support only multiple of 16, the JPEG preview mode can

support following image sizes. It is different from normal preview mode.

80x64 0lh
160x128 03h
320x240 05h
640x480 07h

2. Get Picture (AA04h) The host gets a picture from C328-7640 by sending this command.

2.1 Picture Type
Snapshot Picture Olh
Preview Picture 02h
JPEG Preview Picture 05h

3. Snapshot (AA0Sh) C328-7640 keeps a single frame of JPEG still picture data in the buffer after

receiving this command.

3.1 Snapshot Type

Compressed Picture 00
Uncompressed Picture O0lh

3.2 Skip Frame Counter The number of dropped frames can be defined before compression occurs.
“0” keeps the current frame, “1” captures the next frame, and so forth.

4, Set Package Size (AA06h)
The host issues this command to change the size of data package which is used to transmit JPEG

image data from the C328-7640 to the host. This command should be issued before sending Snapshot



command or Get Picture command to C328-7640. It is noted that the size of the last package varies for

different image.

4.1 Package Size

The default size is 64 bytes and the maximum size is 512 bytes.

Byte0 ByteN
ID Data Size Image Data Verify Code
(2 bytes) {2 bytes) (Package size - 6 bytes) (2 bytes)
< Package Size >
ID -> Package ID, starts from zero for an image
Data Size -> Size of image data in the package

Venfy Code - Emror detection code, equals to the lower byte of sum of the whole
package data except the venify code field. The higher byte of this code 1s
always zefo. 1.e. venify code = lowbyte(sum(byte[0] to byte[N-2]))

Note: As the transmission of uncompressed image is not in package mode, it is not necessary to set the
package size for uncompressed image.

5. Set Baudrate (AA07h) Set the C328-7640 baud rate by issuing this command. As the module can auto-
detect the baud rate of the incoming command, host can make connection with one of the following baud

rate in the table. The module will keep using the detected baud rate until physically power off
5.1 Baudrate Divider

Baudrate = 14,7456MHz / 2 x (2nd Divider + 1) / 2 x (1st Divider + 1)

Baudrate 1% Divider | 2™ Divider | Baudrate 1% Divider J 2™ Divider
7200 bps ffh 01lh 28800 bps 3th 01h
9600 bps bfh 0lh 38400 bps 2fh 01lh

14400 bps 7th 01h 57600 bps 1fh
19200 bps 5th 01h 115200 bps Ofh

01h
Olh

6. Reset (AA08h) The host reset C328-7640 by issuing this command.

6.1 Reset Type
“00h” resets the whole system. C328-7640 will reboot and reset all registers and state machines.
“01h” resets state machines only.

7. Power Off (AA0%h)



C328-7640 will go into sleep mode afler receiving this command. SYNC command (AA0Dh) must
be sent to wake up C328-7640 for certain period until receiving ACK command from C328-7640.
8. Data (AAOAhL)

C328-7640 issues this command for telling the host the type and the size of the image data which is

ready for transmitting out to the host.

8.1 Data Type
Snapshot Picture 0lh
Preview Picture 02h
JPEG Preview Picture 05h

8.2 Length These three bytes represent the length of data of the Snapshot Picture, Preview Picture or
JPEG Preview Picture.

9. SYNC (AAODR)
Either the host or the C328-7640 can issue this command to make connection. An ACK command
must be sent out after receiving this command.

10. ACK (AAOED)

This command indicates the success of last operation. After receiving any valid command, ACK
command must be sent out except when getting preview data. The host can issue this command to request
image data package with desired package ID after receiving Data command from C328-7640. The host
should send this command with package ID FOFOh after receiving a package to end the package transfer,
Note that the field “command ID” should be 00h when request image data package.

10.1 Command ID

The command with that ID is acknowledged by this command.

10.2 ACK Counter

No use.

10.3 Package ID

For acknowledging Data command, these two bytes represent the requested package ID. While for
acknowledging other commands, these two bytes are set to 00h.
11. NAK (AAOFh)

This command indicates corrupted transmission or unsupported features.
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« Block diagram of the digital output circuit

TOS5 metal package
{9.8mm x 9mm 388inch » AS54inch dia) r
infrared A
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e t power O Vdd
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» Block diagram of the analog output circuit

TOS metal package
{9.8mnm x 9mm 358Sinch » AS4nch dia)
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5. Detects even slight motion of a person

With our sensor, even slight motions made by people will be detected easily.

« Fine motion detection capability within approximately 2 meters of sensor.

Standard type: Detects movement of approximately 30cm 11.811inch.

Slight motion detection type: Detects movement of approximately 20cm 7.874inch.

6. Noise wimstanding'capability

Circuitry is contained in a TOS metal package, providing at least twice the noise withstanding capability

as conventional type.



+ Comparison example of noise withstanding capability

Distance at which motion sensor is not affected

by cellular phone noise

Conventional type Min. 1 to 2m 3.281 to 6.562ft
MP Motion Sensor Min. 1 to 2cm .394 to .787inch
APPLICATIONS

1. Home appliances

Useful for saving energy in air conditioner, television, personal computer, or ventilator and air purifier
2. Amusement machine market

Useful for saving energy and for automated guidance in theme parks and large video games

3. Equipment in service market

Useful for automated guidance, automated announcements and energy saving in vending machines,
ATMs, etc.

4, Lighting market

Automated on/off controls, etc. for lamps, desk lamps, indoor lights, halls, stairway lights, etc.

1. Digital output
Rated operating voltage | Detection performance Ambient temperature Lens color
3t06 VDC 10m detection type | —20to +60° C -4 to +140°F Black
White
2. Analog output

Rated operating voltage | Detection performance Ambient temperature Lens color

45155V DC 10m detection type | 20 to +60° C —4 to +140° F Black

White

PERFORMANCE
1. Detection performance

Items 10m detection type | Conditions of objects to be detected

Rated detection 10m 32.808#1 1. Movement speed




*Remark |

+10m detection type: 1.0 m/s

2. Detection object = human body

size is 700mm x 250mm 27.55%inch
x 9.843inch.

distance (Max.)
Detection Horizontal 110°
range
Vertical 93°
Detection zone 80 zones

*Remarks 1. Depending on the difference in temperature between the background and detection target

and the speed at which the target moves, these sensors may be capable of detection beyond the detection

distances stated above. Nevertheless, they should be used within the prescribed detection distances. For

further details, refer to the detection range diagram.

TOP VIEW
¥

10m

10m
32.8081 i

SIDE VIEW
1

10m
32 808t

5m
16.404%

10m
32,8088 ,
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Rating

(Measuring condition: ambient temp. = 25° C,77° F)

Items Specified value Remarks

Power supply voltage 03t07VDC

Usable ambient temperature | —201t0 60° C 4 to +140° F No freezing and condensing at

low temperature.
Storage temperature —20t070°C 410 +158°F
Electrical characteristics
(Measuring condition: ambient temp, = 25° C 77° F; operating voltage = 5V)
1) Digital output
Items Symbol | Specified value Measured
conditions
Minimum 3.0VDC
Reted operating voltage Typical vdd —
Maximum 6.0V DC
Reted consumption Typical Iw 170 pA Tout=0
current (Standby) T Maximum 300 pA
Current | Maximum Tout 100 pA Vout 7 Vdd-0.5
Output Minimum Vdd-5
(when detecting) Voltage | Maximum | Vout Vdd (Same as | Open when not
operating detecting
voltage)
Circuit stability time Typical Twu 7s
Maximum 30s

Remark: The current which is consumed during detection consists of the standby consumed current plus

the output current.



2) Analog output

Items Symbol | Specified value | Measured conditions
Reted operating voltage Minimum vdd 45VDC
Maximum 55VDC
Reted consumption current Typical Iw 0.17 mA TIout=90
Maximum 0.3 mA
QOutput current Maximum Iout 50 pA
Minimum ov
QOutput voltage Typical Vout 25V
Maximum vdd
QOutput offsct average Minimum 23V Steady-state output
voltage Typical Voff 25V voltage when not
Maximum 27V detecting
Steady-state noise Typical Vn 130 m Vp-p
Maximum 300 m Vp-p
Circuit stability time Typical Twu Ts
Maximum 45s

Note: To set to the same detection performance as the digital type, set the output voltage to the offset
voltage (2.5V) +0.45V (i.e. 2.95V or more and 2.05V or less).

Timing chart

1) Digital output

Remark: Circuit stability time: 45s max. (45s max. for the 10m detection type)

While the circuitry is stabilizing after the power is turned on, the sensor output is not fixed in the “on™

state or “off” state. This is true regardless of whether or not the sensor has detected anything,



Power supply J
OFF

Detect 5
Not : :
detect : :
oN '—I H H T ]
Sensor output : E
OFF == I
 Circuit stability time:
2) Analog output
Vdd
Power supply
GND
Detect
Detection state
(Comparator Not
decision output)  detect ‘Body
‘movement
vdd +——s Threshold voltage ()
Output waveform vy (comparator)
V out
GND
Circuit stability time —T
L Threshold voltage @
(comparator)

Remark: Circuit stability time: 30s max.
While the circuitry is stabilizing after the power is turned on, the sensor output is not fixed in the “on”

state or “off” state. This is true regardless of whether or not the sensor has detected anything.
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Notes:
1. In order to ensure proper detection, install it with the lens exposed at least 5.6mm .220inch.
2. As for panel mounting hole, tapering or making a large size hole should be done.

3. The height dimension does not include the remaining molding gate.

NOTES

1. Checkpoints relating to principle of operation

MP motion sensors are passive infrared sensors which detect changes in the infrared rays. They may fail
to detect successfully if a heat source other than a human being is detected or if there are no temperature
changes in or movement of a heat source. Care must generally be taken in the following cases. The
performance and reliability of the sensors must be checked out under conditions of actual use.

<1> Cases where a heat source other than a human being is detected,



1) When a small animal enters the detection range.

2) When the sensor is directly exposed to sunlight, a vehicle’s headlights, an incandescent light or
some other source of far infrared rays.

3) When the temperature inside the detection range has changed suddenly due to the entry of cold or
warm air from an air-conditioning or heating unit, water vapor from a humidifier, etc.
<2> Cases where it is difficult to detect the heat source.

1) When an object made of glass, acrylic or other subject which far infrared rays have difficulty
passing through is located between the sensor and what is to be detected.

2) When the heat source inside the detection range hardly moves or when it moves at high speed; for
details on the movement speed, refer to the section on the performance ratings.
2. When the detection area becomes larger
When the difference between the ambient temperature and body temperature is large (more than 20§C 68°
F), detection may occur in isolated areas outside the specified detection range.
3. Other handling cautions
1) Be careful not to allow dust or dirt to accumulate on the lens as this will adversely affect the detection
sensitivity,
2) The lens is made of a soft material (polyethylene). Avoid applying a load or impact since this will
deform or scratch the lens, making proper operation impossible and causing a deterioration in its
performance.
3) The sensor may be damaged if it is exposed to static with a voltage exceeding +/-200V. Therefore, do
not touch its terminals directly, and exercise adequate care in the handling of the sensor.
4) When the leads are to be soldered, solder them by hand for less than 3 seconds
at a temperature of less than 350° C 662 ° F at the tip of the soldeting iron. Avoid using a solder bath since
this will causing a deterioration in the sensor’s performance.
5) Do not attempt to clean the sensor. Cleaning fluid may enter inside the lens area causing a detetioration
in performance.
6) When using the sensors with cables, it is recommended that cables which are shielded and as short as

possible be used in order to safeguard against the effects of noise.



Datasheet lulnaneuInsained AVR (ATMEGAG4)

Features
» High-performance, Low-power AVR® 8-bit Microcontroller
+ Advanced RISC Architecture
— 130 Powerful Instructions — Most Single Clock Cycle Execution
— 32 x 8 General Purpose Working Registers + Peripheral Control Registers
— Fully Static Operation
— Up to 16 MIPS Throughput at 16 MHz
— On-chip 2-cycle Multiplier
* Non-volatile Program and Data Memories
— 64K Bytes of In-System Reprogrammable Flash
Endurance: 10,000 Write/Erase Cycles
— Optional Boot Code Section with Independent Lock Bits
In-System Programming by On-chip Boot Program
True Read-While-Write Operation
— 2K Bytes EEPROM
Endurance: 100,000 Write/Erase Cycles
— 4K Bytes Internal SRAM
— Up to 64K Bytes Optional External Memory Space
— Programming Lock for Software Security
— SPI Interface for In-System Programming
*» JTAG (IEEE std. 1149.1 Compliant) Interface
— Boundary-scan Capabilities According to the JTAG Standard
— Extensive On-chip Debug Support
~ Programming of Flash, EEPROM, Fuses, and Lock Bits through the JTAG Interface
* Peripheral Features
— Two 8-bit Timer/Counters with Separate Prescalers and Compare Modes
- Two Expanded 16-bit Timer/Counters with Separate Prescaler, Compare Mode, and Capture
Mode
— Real Time Counter with Separate Oscillator
— Two 8-bit PWM Channels



— 6 PWM Channels with Programmable Resolution from 1 to 16 Bits
~ B-channel, 10-bit ADC
8 Single-ended Channels
7 Differential Channels
2 Differential Channels with Programmable Gain (1x, 10x, 200x)
— Byte-oriented Two-wire Serial Interface
— Dual Programmable Serial USARTs
— Master/Slave SPI Serial Interface
— Programmable Watchdog Timer with On-chip Oscillator
— On-chip Analog Comparator
* Special Microcontroller Features
— Power-on Reset and Programmable Brown-out Detection
— Internal Calibrated RC Oscillator
— External and Internal Interrupt Sources
~ Six Sleep Modes: Idle, ADC Noise Reduction, Power-save, Power-down, Standby and
Extended Standby
— Software Selectable Clock Frequency
- ATmegal03 Compatibility Mode Selected by a Fuse
— Global Pull-up Disable
* I/0 and Packages
— 53 Programmable 1/0 Lines
— 64-lead TQFP and 64-pad MLF
* Operating Voltages
—2.7 - 5.5V for ATmega64L
—4.5-5.5V for ATmega64
» Speed Grades
—0 - 8 MHz for ATmega64L
-0 - 16 MHz for ATmega64
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Disclaimer

Typical values contained in this data sheet are based on simulations and characterization of other
AVR microcontrollers manufactured on the same process technology. Min and Max values will be
available after the device is characterized.

Overview

The ATmega64 is a low-power CMOS 8-bit microcontroller based on the AVR enhanced RISC
architecture. By executing powerful instructions in a single clock cycle, the ATmega64 achieves
throughputs approaching 1 MIPS per MHz, allowing the system designer to optimize power consumption

versus processing speed.
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The AVR core combines a rich instruction set with 32 general purpose working registers. All the
32 registers are directly connected to the Arithmetic Logic Unit (ALU), allowing two independent
registers to be accessed in one single instruction executed in one clock cycle. The resulting architecture is
more code efficient while achieving throughputs up to ten times faster than conventional CISC

microcontrollers.

The ATmega64 provides the following features: 64K bytes of In-System Programmable Flash
with Read-While-Write capabilities, 2K bytes EEPROM, 4K bytes SRAM, 53 general purpose I/O lines,
32 general purpose working registers, Real Time Counter (RTC), four flexible Timer/Counters with
compare modes and PWM, two USARTS, a byte oriented Two-wire Serial Interface, an 8-channel, 10-bit
ADC with optional differential input stage with programmable gain, programmable Watchdog Timer with
internal Oscillator, an SPI serial port, IEEE std. 1149.1 compliant JTAG test interface, also used for
accessing the On-chip Debug system and programming, and six software selectable power saving modes.
The Idle mode stops the CPU while allowing the SRAM, Timer/Counters, SPI port, and interrupt system
to continue functioning. The Powerdown mode saves the register contents but freezes the Oscillator,

disabling all other chip functions until the next interrupt or Hardware Reset. In Power-save mode, the



asynchronous timer continues to run, allowing the user to maintain a timer base while the rest of the
device is sleeping. The ADC Noise Reduction mode stops the CPU and all I/O modules except
asynchronous timer and ADC, to minimize switching noise during ADC conversions. In Standby mode,
the crystal/resonator Oscillator is running while the rest of the device is sleeping. This allows very fast
start-up combined with low power consumption. In Extended Standby mode, both the main Oscillator and
the asynchronous timer continue to run,

The device is manufactured using Atmel’s high-density non-volatile memory technology. The
On-chip ISP Flash allows the program memory to be reprogrammed In-System through an SPI serial
interface, by a conventional non-volatile memory programmer, or by an On-chip Boot program running on
the AVR core. The Boot Program can use any interface to download the Application Program in the
Application Flash memory. Software in the Boot Flash section will continue to run while the Application
Flash section is updated, providing true Read-While-Write operation. By combining an 8-bit RISC CPU
with In-System Self-Programmable Flash on a monolithic chip, the Atmel ATmega64 is a powerful
microcontroller that provides a highly-flexible and cost-effective solution to many embedded control
applications.

The ATmega64 AVR is supported with a full suite of program and system development tools
including: C compilers, macro assemblers, program debugger/simulators, In-Circuit Emulators, and

evaluation kits.

ATmegaé4 Compatibility
The ATmega64 is a highly complex microcontroller where the number of I/O locations

supersedes the 64 I/0 location reserved in the AVR instruction set. To ensure backward compatibility with
the ATmegal03, all I/O locations present in ATmegal03 have the same location in ATmega64. Most
additional 1/0 locations are added in an Extended 1/O space starting from 0x60 to 0xFF (i.e., in the
ATmegal03 internal RAM space). These location can be reached by using LD/LDS/LDD and
ST/STS/STD instructions only, not by using IN and OUT instructions. The relocation of the internal RAM
space may still be a problem for ATmegal03 users. Also, the increased number of Interrupt Vectors might
be a problem if the code uses absolute addresses. To solve these problems, an ATmegal03 compatibility
mode can be selected by programming the fuse M103C. In this mode, none of the functions in the
Extended I/O space are in use, so the internal RAM is located as in ATmegal03. Also, the extended

Interrupt Vectors are removed.



The ATmega64 is 100% pin compatible with ATmegal03, and can replace the ATmegal03 on
current printed circuit boards. The application note “Replacing ATmegal03 by ATmega64” describes
what the user should be aware of replacing the ATmegal03 by an ATmega64.

ATmegal03 Compatibility Mode
By programming the M103C Fuse, the ATmega64 will be compatible with the ATmega103

regards to RAM, 1/O pins and Interrupt Vectors as described above. However, some new features in
ATmega64 are not available in this compatibility mode, these features are listed below:

* One USART instead of two, asynchronous mode only. Only the eight least significant bits of the Baud
Rate Register is available.

* One 16 bits Timer/Counter with two compare registers instead of two 16 bits Timer/Counters with three
compare registers.

*» Two-wire serial interface is not supported.

* Port G serves alternate functions only (not a general 1/O port).

*» Port F serves as digital input only in addition to analog input to the ADC.

* Boot Loader capabilities is not supported.

« It is not possible to adjust the frequency of the internal calibrated RC Oscillator.

* The External Memory Interface can not release any Address pins for general 1/0, neither configure
different wait states to different External Memory Address sections.

* Only EXTRF and PORF exist in the MCUCSR Register.

* No timed sequence is required for Watchdog Timeout change.

* Only low-level external interrupts can be used on four of the eight External Interrupt sources.

« Port C is output only.

* USART has no FIFO buffer, so Data OverRun comes earlier.

* The user must have set unused L/O bits to 0 in ATmegal03 programs.

Pin Descriptions
vCC Digital supply voltage.
GND Ground.

Port A (PA7..PA0) Port A is an 8-bit bi-directional /O port with internal pull-up resistors (selected for
each bit), The Port A output buffers have symmetrical drive characteristics with both
high sink and source capability. As inputs, Port A pins that are externally pulled low



Port B (PB7..PB0)

Port C (PC7..PC0)

Port D (PD7..PDO)

Port E (PE7..PEO)

Port F (PF7..PF0)

will source current if the pull-up resistors are activated. The Port A pins are tri-stated
when a reset condition becomes active, even if the clock is not running,

Port B is an 8-bit bi-directional 1/O port with internal pull-up resistors (selected for
each bit). The Port B output buffers have symmetrical drive characteristics with both
high sink and source capability. As inputs, Port B pins that are externally pulled low
will source current if the pull-up resistors are activated. The Port B pins are tri-stated
when a reset condition becomes active, even if the clock is not running.

Port C is an 8-bit bi-directional /O port with intemnal pull-up resistors (selected for
each bit). The Port C output buffers have symmetrical drive characteristics with both
high sink and source capability. As inputs, Port C pins that are externally pulled low
will source current if the pull-up resistors are activated, The Port C pins are tri-stated
when a reset condition becomes active, even if the clock is not running. Port C also
serves the functions of special features of the ATmega64 as listed on page 75. In
ATmegal03 compatibility mode, Port C is output only, and the port C pins are not
tri-stated when a reset condition becomes active.

Port D is an 8-bit bi-directional I/O port with internal pull-up resistors (selected for
each bit). The Port D output buffers have symmetrical drive characteristics with both
high sink and source capability. As inputs, Port D pins that are externally pulled low
will source current if the pull-up resistors are activated. The Port D pins are tri-stated
when a reset condition becomes active, even if the clock is not running.

Port E is an 8-bit bi-directional /O port with internal pull-up resistors (selected for
each bit). The Port E output buffers have symmetrical drive characteristics with both
high sink and source capability. As inputs, Port E pins that are externally pulled low
will source current if the pull-up resistors are activated. The Port E pins are tri-stated
when a reset condition becomes active, even if the clock is not running,

Port F serves as the analog inputs to the A/D Converter, Port F also serves as an 8-
bit bi-directional 1/O port, if the A/D Converter is not used. Port pins can provide
internal pull-up resistors (selected for each bit). The Port F output buffers have
symmetrical drive characteristics with both high sink and source capability. As
inputs, Port F pins that are externally pulled low will source current if the pull-up
resistors are activated. The Port F pins are tri-stated when a reset condition becomes

active, even if the clock is not running. If the JTAG interface is enabled, the pull-up



Port G (PG4..PGO)

RESET

XTAL1

XTAL2

AVCC

ARFF
PEN

resistors on pins PF7(TDI), PF5(TMS) and PF4(TCK) will be activated even if a
reset occurs. The TDO pin is tri-stated unless TAP states that shift out data are
entered. Port F also serves the functions of the JTAG interface. In ATmegal03
compatibility mode, Port F is an input port only.

Port G is a 5-bit bi~directional I/O port with internal pull-up resistors (selected for
each bit). The Port G output buffers have symmetrical drive characteristics with both
high sink and source capability. As inputs, Port G pins that are externally pulled low
will source current if the pull-up resistors are activated. The Port G pins are tri-stated
when a reset condition becomes active, even if the clock is not running, Port G also
serves the functions of various special features. In ATmegal03 compatibility mode,
these pins only serves as strobes signals to the external memory as well as input to
the 32 kHz Oscillator, and the pins are initialized to PGO=1,PG1 = 1, and PG2=0
asynchronously when a reset condition becomes active, even if the clock is not
running. PG3 and PG4 are Oscillator pins.

Reset input. A low level on this pin for longer than the minimum pulse length will
generate a reset, even if the clock is not running, The minimum pulse length is given
in Table 19 on page 50. Shorter pulses are not guaranteed to generate a reset.

Input to the inverting Oscillator amplifier and input to the internal clock operating
circuit.

Output from the inverting Oscillator amplifier.

AVCC is the supply voltage pin for Port F and the A/D Converter. 1t should be
externally connected to VCC, even if the ADC is not used. If the ADC is used, it
should be connected to VCC through a low-pass filter.

AREEF is the analog reference pin for the A/D Converter.

This is a programming enable pin for the SPI Serial Programming mode. By holding
this pin low during a Power-on Reset, the device will enter the SPI Serial

Programming mode. PEN has no function during normal operation.



Register Summary

Address Name Bit7 Bit 6 Bit 5 Bit4 | Bit3 | Bit2 | Bitl | Bit0
(OxFF) | Reserved - - - - - - - -
Reserved - - - - - - - -
(0x9E) | Reserved - - - - - - - -
(0x9D) | UCSRIC - UMSEL | UPMI | UPM1 | USBS | UCSZ | UCSZ { UCPO
1 1 0 1 11 10 L1
(0x9C) | UDRI USARTI1 I/O Data Register
(0x9B) | UCSR1A | RXC1 | TXC1 | UDRE | FEl | DORI1 | UPE! | U2X1 | MPC
1 M1
(0x9A) | UCSRIB | RXCIE | TXCIE | UDRI | RXEN | TXEN | UCSZ | RXB | TXBS
1 1 El 1 | 12 81 1
(0x98) | UBRRI1H - - - - USART1 Baud Rate Register
High
(0x97) | Reserved - - - - - - - -
(0x96) | Reserved - - - - - - - .
(0x95) | UCSROC - UMSE | UPMO | UPMO | USBS | UCSZ | UCS | UCPO
Lo | 0 0 01 Z00 Lo
(0x94) | Reserved - - - - - - - -
(0x93) | Reserved - - - - - - - -
(0x92) | Reserved - - - - - - - -
(0x91) | Reserved - - - - - - - -
(0x90) | UBRROH - - - - USARTO Baud Rate Register
High
(Ox8F) | Reserved - - - - - - - -
(0x8E) | ADCSRB | - - - - - | ADTS | ADT | ADTS
2 S1 0
(0x8D) | Reserved - - - - - - - -
(0x8C) | TCCR3C | FOC3A | FOC3 | FOC3 - - - - -
B C
(0x8B) | TCCR3A | COM3 | COM3 | COM3 | COM3 | COM | COM | WG | WGM




Al A0 Bl BO 3C1 3C0 | M3l 30
(0x8A) | TCCR3B | ICNC3 | ICES3 - WGM | WGM | CS32 | CS31 | €CS30
33 32
(0x89) | TCNT3H Timer/Counter3 — Counter Register High Byte
(0x88) | TCNT3L Timer/Counter3 -- Counter Register Low Byte
(0x87) | OCR3AH Timer/Counter3 — Output Compare Register A High Byte
(0x86) | OCR3AL Timer/Counter3 — Output Compare Register A Low Byte
(0x85) | OCR3BH Timer/Counter3 — Qutput Compare Register B High Byte
(0x84) | OCR3BL Timer/Counter3 — Output Compare Register B Low Byte
(0x83) | OCR3CH Timer/Counter3 — Output Compare Register C High Byte
(0x82) | OCR3CL Timer/Counter3 — Qutput Compare Register C Low Byte
(0x81) | ICR3H Timer/Counter3 — Input Capture Register High Byte
(0x80) | ICR3L Timer/Counter3 — Input Capture Register Low Byte
(0x7F) | Reserved - - - - - - - -
(0x7E) | Reserved - - - - - - -
(0x7D) | ETIMSK - - TICIE )} OCIE3 | OCIE | TOIE | OCIE | OCIE1
3 A 3B 3 3C C
(0x7B) | Reserved - - - - - - - -
(0x7A) | TCCRIC | FOC1A | FOC1 | FOC1 - - - - -
B C
(0x79) | OCRICH Timer/Counter] — Output Compare Register C High Byte
(0x78) | OCRICL Timer/Counter1 — Output Compare Register C Low Byte
(0x77) | Reserved - - - - - - - -
(0x76) | Reserved - - - - - - - -
(0x75) | Reserved - - - - - - - .
(0x74) TWCR | TWINT | TWEA | TWST | TWST | TWW | TWE - TWIE
A 0 C N
(0x73) TWDR Two-wire Serial Interface Data Register
(0x72) TWAR TWAG6 | TWAS | TWA4 | TWA | TWA | TWA | TWA | TWGC
3 2 1 0 E
(Ox71) TWSR TWS7 | TWS6 | TWS5 | TWS4 | TWS3 - TWP | TWPS




S1 0
(0x70) | TWBR Two-wire Serial Interface Bit Rate Register
(0x6F) | OSCCAL Oscillator Calibration Register
(0x6E) | Reserved - - - - - - - -
(0x6D) | XMCRA - SRL2 | SRL1 | SRLO | SRW0 | SRW | SRW
1 00 11
(0x6C) | XMCRB | XMBK - - - - XXMM | XM | XMM
2 M1 0
(0x6B) | Reserved - - - - - - - -
(0x6A) | EICRA ISC31 | ISC30 | ISC21 | ISC20 { ISC11 | ISC10 { ISCO | ISCO00
1
(0x69) | Reserved - - - - - - - -
(0x68) | SPMCSR | SPMIE | RWW - RWW | BLBS | PGW | PGE | SPME
SB SRE ET RT RS N
(0x67) | Reserved - - - - - - - -
(0x66) | Reserved - - - - - - - -
(0x65) | PORTG - - - PORT | PORT | PORT { POR | PORT
G4 G3 G2 | TGI GO
(0x64) DDRG - - - DDG4 | DDG3 | DDG | DDG { DDGO
2 1
(0x63) PING - - - PING | PING | PING | PING | PINGO
4 3 2 |
(0x62) PORTF | PORTF | PORT | PORT | PORT | PORT | PORT | POR | PORT
7 Fé F5 F4 F3 F2 TF1 FO
(0x61) DDRF DDF7 | DDF6 | DDF5 | DDF4 | DDF3 | DDF2 | DDF | DDFO
1
(0x60) | Reserved - - - - - - - -
O0x3F SREG 1 T H S v N Z C
(0x5F)
0GE SPH SP15 SP14 SP13 | SP12 | SP11 | SP10 | SP9 SP8
(0xSE)




0x3D SPL SP7 SP6 SPS SP4 SP3 SP2 | SPI SPO
(0x5D)

0x3C XDiv XDIVE | XDIV | XDIV | XDIV | XDIV | XDIV | XDI | XDIV
(0x5C) N 6 5 4 3 2 Vi 0
0x3B | Reserved - - - - - - - -
(0x5B)

0x3A EICRB | ISC71 | ISC70 | ISC61 | SC60 | ISC51 | ISC50 | ISC4 | ISC40
(0x5A) I 1

0x39 EIMSK INT7 INT6 | INT5 | INT4 | INT3 | INT2 { INT1 | INTO
(0x59)

0x38 EIFR INTF7 | INTF6 { INTF5 | INTF4 | INTF3 | INTF | INTF | INTFO
(0x58) 1

0x37 TIMSK | OCIE2 | TOIE2 | TICIE | OCIE | OCIE | TOIE | OCIE | TOIEQ
(0x57) 1 1A 1B 1 0

0x36 TIFR OCF2 | TOvV2 | ICF1 | OCFl | OCFl | TOV1 | OCF0 | TOVO
(0x56) A B

0x35 MCUCR SRE SRWI1 SE SM1 SMO | SM2 | IVSE | IVCE
(0x55) 0 L

0x34 MCUCS JID - - JTRF | WDR | BORF | EXT | PORF
(0x54) R F RF

0x33 TCCRO | FOCO | WGM | COMO | COM | WGM | CS02 | CS01 | CS00
(0x53) 00 1 00 01

0x32 TCNTO Timer/Counter0 (8 Bit)

(0x52)

0x31 OCRO Timer/Counter0 Output Compare Register

(0x51)

0x30 ASSR - - - - AS0 | TCNO | OCR | TCRO
(0x50) UB | OUB UB
0x2F | TCCRIA | COM1 | COMI1 | COMI1 | COM | COM | COM | WG | WGM
(Ox4F) Al A0 B1 1B0 1C1 1Co0 | M1l 10
0x2E | TCCRIB | ICNC1 | ICESI - WGM | WGM | CS12 | CS11 | CS10




(0x4E) 13 12

0x2D | TCNTIH Timer/Counterl — Counter Register High Byte
(0x4D)

0x2C | TCNTIL Timer/Counterl — Counter Register Low Byte

(0x4C)

0x2B | OCR1AH Timer/Counterl — Output Compare Register A High Byte
(0x4B)

0x2A | OCRIAL Timer/Counterl — Output Compare Register A Low Byte

(0x4A)

0x29 | OCRIBH Timet/Counterl — Output Compare Register B High Byte

(0x49)

0x28 | OCRIBL Timer/Counterl — Output Compare Register B Low Byte

(0x48)

0x27 ICR1H Timer/Counterl — Input Capture Register High Byte

(0x47)

0x26 ICRIL Timer/Counterl — Input Capture Register Low Byte

(0x46)

0x25 TCCR2 | FOC2 | WGM | COM2 | COM | WGM | CS22 | CS21 | CS20
(0x45) 20 | 20 21

0x24 TCNT2 Timer/Counter2 (8 Bit)

(0x44)

0x23 OCR2 Timer/Counter2 Output Compare Register

(0x43)

0x22 OCDR | OCDR | OCDR { OCDR | OCD | OCD | OCD | OCD | OCDR
(0x42) IDRD/ 7 6 5 R4 R3 R2 Rl 0
0x21 WDTCR - - - WDC | WDE | WDP | WDP | WDPO
(0x41) E 2 1

0x20 SFIOR TSM - - - ACM | PUD | PSRO | PSR32
(0x40) E 1
Ox1F EEARH - - - - - EEPROM Address
(0x3F) Register High Byte




Ox1E EEARL EEPROM Address Register Low Byte

(0x3E)

0x1D EEDR EEPROM Data Register
(0x3D)

0x1C EECR - - - - EERI | EEM | zEE | EERE
(0x3C) E WE | WE

0x1B PORTA | PORT | PORT | PORT | PORT | PORT | PORT | POR { PORT
(0x3B) A7 A6 A5 A4 A3 A2 TAl A0
Ox1A DDRA DDA7 | DDA6 | DDAS | DDA4 | DDA3 | DDA | DDA | DDAO
(0x3A) 2 1

0x19 PINA PINA7 | PINA6 | PINAS | PINA | PINA | PINA | PINA | PINAO
(0x39) 4 3 2 1

0x18 PORTB | PORT | PORT | PORT | PORT | PORT | PORT | POR | PORT
(0x38) B7 B6 B5 B4 B3 B2 TB1 BO
Ox17 DDRB DDB7 | DDB6 | DDBS | DDB4 | DDB3 | DDB | DDB | DDB0
(0x37) 2 1

0x16 PINB PINB7 | PINB6 | PINB5 { PINB { PINB3 | PINB | PINB | PINBO
(0x36) 4 2 1

0x15 PORTC | PORT | PORT | PORT | PORT | PORT | PORT | POR | PORT
(0x35) c? C6 Cs C4 C3 C2 TC1 Co
0x14 DDRC | DDC7 | DDC6é | DDC5 | DDC4 | DDC3 | DDC | DDC | DDCO
(0x34) 2 1

0x13 PINC PINC7 | PINC6 | PINC5 | PINC | PINC3 | PINC | PINC | PINCO
(0x33) 4 2 1

0x12 PORTD | PORT | PORT | PORT | PORT | PORT | PORT | POR | PORT
(0x32) D7 D6 D5 D4 D3 D2 TDI1 DO
0x11 DDRD DDD7 | DDDé6 | DDDS | DDD4 | DDD3 | DDD | DDD | DDDO
(0x31) 2 1

0x10 PIND PIND7 | PINDé | PIND5 { PIND | PIND | PIND { PIND | PINDO
(0x30) 4 3 2 1

O0xOF SPDR SPI Data Register




(0x2F)

0xOE SPSR SPIF | WCOL - - - - - SPI2X
(0x2E)

0x0D SPCR SPIE SPE DOR | MSTR | CPOL | CPHA | SPR1 | SPRO
(0x2D) D

0x0C UDRO USARTO /O Data Register
(0x2C)

0x0B | UCSROA | RXCO | TXCO | UDRE | FEO | DORO | UPEO | U2X0 | MPC
(0x2B) 0 MO
O0x0A | UCSROB | RXCIE | TXCIE | UDRI | RXEN | TXEN | UCSZ | RXB | TXBS8
(0x24) 0 0 EO 0 0 02 80 0
0x09 | UBRROL USARTO Baud Rate Register Low

(0x29)

0x08 ACSR ACD | ACBG | ACO | ACI | ACIE | ACIC | ACIS | ACISO
(0x28) 1

0x07 | ADMUX | REFS1 | REFSO | ADLA | MUX | MUX | MUX | MUX | MUX0
(0x27) R 4 3 2 1

0x06 | ADCSRA | ADEN | ADSC | ADAT | ADIF | ADIE | ADPS | ADP | ADPS
(0x26) E 2 S1 0
0x05 ADCH ADC Data Register High Byte

(0x25)

0x04 ADCL ADC Data Register Low byte

(0x24)

0x03 PORTE | PORT | PORT | PORT | PORT | PORT | PORT | POR | PORT
(0x23) E7 E6 ES5 E4 E3 E2 TE1 EO
0x02 DDRE DDE?7 | DDE6 | DDES | DDE4 | DDE3 | DDE2 | DDE | DDEO
(0x22) 1

0x01 PINE PINE7 | PINE6 | PINES | PINE | PINE3 | PINE | PINE ; PINEO
(0x21) 4 2 1

0x00 PINF PINF7 | PINF6 | PINF5 | PINF4 | PINF3 | PINF | PINF | PINFO




(0x20) 2 1

Notes: S

1. For compatibility with future devices, reserved bits should be written to zero if accessed. Reserved 1/0
memory addresses should never be written,

2. Some of the status flags are cleared by writing a logical one to them. Note that the CBI and SBI
instructions will operate on all bits in the 1/O Register, writing a one back into any flag read as set, thus

clearing the flag. The CBI and SBI instructions work with registers 0x00 to 0x1F only.

Ordering Information
Speed (MHz) | Power Supply Ordering Code Package Operation Range
8 2.7-55 ATmega64L-8AC 64A Commercial
ATmega64L-8MC 64M1 (0°Cto70°C)
ATmega64L.-8AI 64A Industrial
ATmega641.-8MI 64M1 (-40°C1085°C)
16 45-55 ATmega64-16AC 64A Commercial
ATmega64-16MC 64M1 (0°Ct070°C)
ATmega64-16Al 64A Industrial
ATmega64-16M 64M1 (40°C1085°C)
Note:

1. This device can also be supplied in wafer form. Please contact your local Atmel sales office for detailed
ordering information and minimum quantities.

Package Type;

64A  64-lead, Thin (1.0 mm) Plastic Gull Wing Quad Flat Package (TQFP)

64M1 64-pad, 9 x 9 x 1.0 mm body, lead pitch 0.50 mm, Micro Lead Frame Package (MLF)



PIN 1

PIN 1 IDENTIFIER

HLalpdiubuyy I}

AL
COMMON DIMENSIONS (Unit of Measure = mm)
SYMBOL MIN NOM MAX NOTE
A - - 1.20
Al 0.05 - 0.15
A2 0.95 1.00 1.05
D 15.75 16.00 16.25
D1 13.90 14.00 14.10 Note 2
E 15.75 16.00 16.25
El 13.90 14.00 14.10 Note 2
B 0.30 - 0.45
0.09 - 0.20




0.45

0.75

0.80 TYP

Notes:

1. This package conforms to JEDEC reference MS-026, Variation AEB.

2. Dimensions D1 and E1 do not include mold protrusion. Allowable protrusion is 0.25 mm per side.

Dimensions D1 and E1 are maximum plastic body size dimensions including mold mismatch.

3. Lead co planarity is 0.10 mm maximum.

64M1
—{5}
(o]
klhtudm 1D
=
Tor ViEW 1]
al L
o] 608 €]
SIDE VIEW
COMMON DIMENSIONS (Unit of Measure = mm)
SYMBOL MIN NOM MAX NOTE
A 0.80 0.90 1.00
Al - 0.02 0.05
0.23 0.25 0.28
D 9.00 BSC
D2 5.20 5.40 5.60
E 9.00 BSC




E2 5.20 5.40 0.28

€ 0.50 BSC

L 0.35 0.40 0.45

Notes: 1. JEDEC Standard MO-220, Fig. 1, VMMD.

ATmega64, all Rev.

There are no errata for this revision of ATmega64. However, a proposal for solving problems
regarding the JTAG instruction IDCODE is presented below.
+ IDCODE masks data from TDI input

The public but optional JTAG instruction IDCODE is not implemented correctly according to
IEEE1149.1; a logic one is scanned into the shift register instead of the TDI input while shifting the
Device ID Register. Hence, captured data from the preceding devices in the boundary scan chain are lost
and replaced by all-ones, and data to succeeding devices are replaced by all-ones during Update-DR. If
ATmega64 is the only device in the scan chain, the problem is not visible.
* Problem Fix / Workaround

Select the Device ID Register of the ATmega64 (Either by issuing the IDCODE instruction or by
entering the Test-Logic-Reset state of the TAP controller) to read out the contents of its Device ID
Register and possibly data from succeeding devices of the scan chain. Note that data to succeeding
devices cannot be entered during this scan, but data to preceding devices can. Issue the BYPASS
instruction to the ATmega64 to select its Bypass Register while reading the Device ID Registers of
preceding devices of the boundary scan chain. Never read data from succeeding devices in the boundary
scan chain or upload data to the succeeding devices while the Device ID Register is selected for the
ATmega64. Note that the IDCODE instruction is the default instruction selected by the Test-Logic-Reset
state of the TAP-controller.
+ Alternative Problem Fix / Workaround

If the Device IDs of all devices in the boundary scan chain must be captured simultaneously (for
instance if blind interrogation is used), the boundary scan chain can be connected in such way that the
ATmega64 is the fist device in the chain, Update- DR will still not work for the succeeding devices in the

boundary scan chain as long as IDCODE is present in the JTAG Instruction Register, but the Device 1D
registered can not be uploaded in any case.



Datasheet : CD4538BM/CD4538BC Dual Precision Monostable

General Description

The CD4538B is a dual, precision monostable multivibrator with independent trigger and reset
controls. The device is retrigger able and reset table, and the control inputs are internally
latched. Two trigger inputs are provided to allow either rising or falling edge triggering, The reset inputs
are active low and prevent triggering while active. Precise control of output pulse-width has been achieved
using linear CMOS techniques. The pulse duration and accuracy are determined by external components
RX and CX. The device does not allow the timing capacitor to discharge through the timing pin on power-
down condition. For this reason, no external protection resistor is required in series with the timing pin.

Input protection from static discharge is provided on all pins.

Features
- Wide supply voltage range 3.0V to 15V

- High noise immunity 0.45 V. (typ.)
- Low power Fan out of 2 driving 74L
TTL compatibility or 1 driving 74LS

- New formula: PWOQUT e RC (PW in seconds, R in Ohms, C in Farads)
- %1.0% pulse-width variation from part to part (typ.)

- Wide pulse-width range

- Separate latched reset inputs

- Symmetrical output sink and source capability

- Low standby current 5 nA (typ.) @ 5 V ;.

- Pin compatible to CD4528B



Block and Connection Diagrams
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Absolute Maximum Ratings
If Military/Aerospace specified devices are required, please contact the National Semiconductor Sales

Office/Distributors for availability and speciftcations.

DC Supply Voltage (V) -0.5to al8 V.
Input Voltage (V) 0.5Vto V,,a0.5 V.
Storage Temperature Range (T,) -65°Ctoals0°C
Power Dissipation (P},)

Dual-In-Line 700 mW

Small Outline 500 mW
Lead Temperature (T;)

(Soldering, 10 seconds) 260°C

DC Supply Voltage (V) 3to 15 Vi,
Input Voltage (V) 0to VDD V.
Operating Temperature Range (T,)
CD4538BM -55°Cto +125°C
CD4538BC 40°Cto+85°C
DC Electrical Characteristics CD4538
Sym | Parameter | Conditions -55°C +25°C +125°C | Unit
bol Min | Max | Min | Typ | Max | Min | Max
I, | Quiescent | V=5V 5 0.005| 5 150 | pA
Device | Vp, =10V 10 0010 | 10 300 | pA
Current | Vp, =15V 20 0.015 | 20 600 | pA
Vo, | LowLevel | V. =5V 0.05 0 | 005 005 V
Output | V,, =10V 0.05 0 | 005 005 | V
Voltage | Vjp=15V 0.05 0 | 005 005 V
Vo, | HighLevel | V=5V | 4.95 495 | 5 4.95 \%
Output | V=10V | 995 995 | 10 9.95 v
Voltage | V=15V | 14.95 1495 | 15 14.95 v
Vi | Lowlevel | If1<1pA
Input Voo =5V 1.5 225 | 15 1.5 | V




Voltage | V,, =10V 3.0 450 3.0 3.0
Vpp = 15V 4.0 675 | 4.0 4.0
Vi | HighLevel | I )1<1pA
Input V=5V | 35 35 1 275 35 Vv
Voltage | V,,=10V | 7.0 7.0 | 5.50 7.0 A%
V=15V | 11.0 11.0 | 8.25 11 \Y
l, | Lowlevel | V=5V | 064 0.51 | 088 0.36 mA
Output V=10V | 1.6 1.3 | 225 0.9 mA
Current | V=15V | 4.2 34 8.8 24 mA
Note 3)
Ion | HighLevel | V=5V | 0.64 051 | -0.88 - mA
Output Vpp =10V | -1.6 -1.3 | -2.25 0.36 mA
Cumrent | V=15V | 4.2 -34 | -88 0.9
(Note 3) -24
I Input Voo = +0.02 +10-5 | £0.05 .5 | pA
Current, 15V, v, =
Pin2or14 | OVor 15V
I, Input Vpp =15V, £0.1 *10-5 | 0.1 +1.0 | pA
Current VI, =0V
Other or 15V
Inputs

Note 1: Absolute Maximum Ratings" are those values beyond which the safety of the device can not be
guaranteed, they are not meant to imply that the devices should be operated at these limits. The tables of
Recommended Operating Conditions and Electrical Characteristics provide conditions for actual device
operation.

Note 2: V=0 V unless otherwise specified.

Note 3: I, and I, are tested one output at a time.
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Trigger Operation

The block diagram of the CD4538B is shown in Figure 1, with circuit operation following. As
shown in Figures 1 and2 , before an input trigger occurs, the monostable is in the quiescent state with the

Q output low, and the timing capacitor CX completely charged to VDD. When the trigger input A goes



from VSS to VDD (while inputs B and CD are held to VDD) a valid trigger is recognized, which turns on
comparator C1 and N-Channel transistor N1. At the same time the output latch is set. With transistor N1
on, the capacitor CX rapidly discharges toward VSS until VREF1 is reached. At this point the output of
comparator C1 changes state and transistor N1 turns off. Comparator C1 then turns off while at the same
time comparator C2 turns on. With transistor N1 off, the capacitor CX begins to charge through the timing
resistor, R¥X, toward VDD. When the voltage across CX equals VREF2, comparator C2 changes state
causing the output latch to reset (Q goes low) while at the same time disabling comparator C2. This ends
the timing cycle with the monostable in the quiescent state, waiting for the next trigger.

A valid trigger is also recognized when trigger input B goes from VDD to VSS (while input A is
at VSS and input CD is at VDD).

It should be noted that in the quiescent state CX is fully charged to VDD, causing the current
through resistor RX to be zero. Both comparators are *"off" with the total device current due only to
reverse junction leakages. An added feature of the CD4538B is that the output latch is set via the input
trigger without regard to the capacitor voltage. Thus, propagation delay from trigger to Q is independent

of the value of CX, RX, or the duty cycle of the input waveform.

Retrigger Operation

The CD4538B is retriggered if a valid trigger occurs followed by another valid trigger before the
Q output has retumed to the quiescent (zero) state. Any retrigger, after the timing node voltage at pin 2 or
14 has begun to rise from VREF]1, but has not yet reached VREF2, will cause an increase in output pulse
width T. When a valid retrigger is initiated, the voltage at T2 will again drop to VREF1 before progressing
along the RC charging curve toward VDD. The Q output will remain high until time T, after the last valid
retrigger.

Reset Operation

The CD4538B may be reset during the generation of the output pulse. In the reset mode of
operation, an input pulse on CD sets the reset latch and causes the capacitor to be fast charged to VDD by
turning on transistor Q1n. When the voltage on the capacitor reaches VREF2, the reset latch will clear and
then be ready to accept another pulse. If the CD input is held low, any trigger inputs that occur will be
inhibited and the Q and Q outputs of the output latch will not change. Since the Q output is reset when an
input low level is detected on the CD input, the output pulse T can be made significantly shorter than the

minimum pulse width specification.
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ORDERING INFORMATION

Device

Operating Temperature Range

Package

LM324AD

LM324AN

LM324D

LM324N

T, = 0° to +70°C

SO-14

Plastic DIP

SO-14

Plastic DIP

ELECTRICAL CHARACTERISTICS
(Ve =5.0V, V.= GND, T, = 25°C, unless otherwise noted)

Characteristics

Symb LM324A

LM324 Unit

ol Min | Typ | Max

Input Offset Voltage
Ve =50Vi030V
(26 V for LM2902),
Vig=0Vto V-7V,
Vo=14V,R;=0[]
T,=25"C
T, = Ty, to T, (Note 1)

10

mV

20| 70

Average Temperature Coefficient

of Input Offset Voltage
T, =Tyuto T, (Note 1)

7.0 - v/iIC

Input Offset Current
T, = Ty to T, (Note 1)

50 50 nA
- 150

Average Temperature Coefficient

of Input Offset Current
T, = T,y to T, (Note 1)

10 - pA/C

Input Bias Current

T, = Tygto T, (Note 1)

Input Common Mode Voltage
Range (Note 2)




Ve =30V (26 V for LM2902)
Ve =30V (26 V for LM2902),

T, =Tuuto T,

28.3
28

28.3
28

Differential Input Voltage Range

IDR

Large Signal Open Loop Voltage
Gain

R =20k [], v =15V, for
Large V,, Swing,

T, =Ty to T, (Note 1)

Avor

25

15

100

25

15

100

V/m

Channel Separation
10 kHz [1f [120 kHz, Input

Referenced

CS

120

120

Common Mode Rejection

R [ 110k [J

CMR

65

70

65

70

Power Supply Rejection

PSR

65

100

65

100

Output Voltage— High Limit
(T, = Tyigs O T,.) (Note 1)

Ve =50V,RL=20k [,
T,=25°C

Ve =30V (26 V for LM2902),
R =20k [l

Ve =30 V (26 V for LM2902),
R =10k [

33

26

27

3.5

28

33

27

35

28

Output Voltage — Low Limit
Ve =50V,RL=10k [],

T, = Ty to T, (Notel)

50

20

5.0

20

mV

Output Source Current
(Vp=+10V,V, .=15V)
T,=25°C

T, = Ty, to T, (Note 1)

L,

20
10

20

20
10

20




NOTES:

1. T, =-25°C for LM224 T, , = +85°C for LM224 = 0°C for LM324, A = +70°C for LM324A = -40°C
for LM2902 = +105°C for LM2902

2. Short circuits from the output to VCC can cause excessive heating and eventual destruction. Destructive

dissipation can result from simultaneous shorts on all amplifiers.

LM324A CI
The LM324 series is made using four internally compensated, two—stage operational amplifiers.

The first stage of each consists of differential input devices Q20 and Q18 with input buffer transistors Q21
and Q17 and the differential to single ended converter Q3 and Q4. The first stage performs not only the
first stage gain function but also performs the level shifting and transconductance reduction functions. By
reducing the transconductance, a smaller compensation capacitor (only 5.0 pF) can be employed, thus
saving chip area. The transconductance reduction is

accomplished by splitting the collectors of Q20 and Q18. Another feature of this input stage is that the
input common mode range can include the negative supply or ground, in single supply operation, without
saturating either the input devices or the differential to single—ended converter. The second stage consists

of a standard current source load amplifier stage.

+ Ve = 15 Vde
+ =20kQ2
o TA=25°C
= T
S LT
=4 I
2 \| 3 /
T /
< /
-

5.0 ps/DIV

Each amplifier is biased from an internal-voltage regulator which has a low temperature
coefficient thus giving each amplifier good temperature characteristics as well as

excellent power supply rejection.
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OUTLINE DIMENSIONS
N SUFFIX
PLASTIC PACKAGE CASE 64606 (LM224, LM324, LM2902 Only) ISSUE L

AAMNKANARA
" 8

1
) B
S {
1 7
YYvYvYyYyvy
- A ot
e | o e L—>
[ \ ) r
3 C
N J
SEAINGLK
H G p M M—>

NOTES:

1. LEADS WITHIN 0.13 (0.005) RADIUS OF TRUE POSITION AT SEATING PLANE AT
MAXIMUM MATERIAL CONDITION.

2. DIMENSION L TO CENTER OF LEADS WHEN FORMED PARALLEL.

3. DIMENSION B DOES NOT INCLUDE MOLD FLASH.

4, ROUNDED CORNERS OPTIONAL.



D SUFFIX
PLASTIC PACKAGE CASE 751A-03 (SO-14) ISSUE F

A

E—H_H“H'H"H_lif ‘—T

E‘E] Prre

|€b{025(0.010)@| B @ | g
ﬁ:ﬂ:ﬂ_u_u_u_i .

_’IG X 45 'J L-
_ R | l._. -/\ F
i enannrdlill o)

j— D 14pL

[10250010)®| 7|8 ®]A®)]

NOTES:

1. DIMENSIONING AND TOLERANCING PER ANSI Y14.5M, 1982.
CONTROLLING DIMENSION: MILLIMETER.

DIMENSIONS A AND B DO NOT INCLUDE MOLD PROTRUSION.
MAXIMUM MOLD PROTRUSION 0.15 (0.006) PER SIDE.

woks B

DIMENSION D DOES NOT INCLUDE DAMBAR PROTRUSION. ALLOWABLE
DAMBAR PROTRUSION SHALL BE 0.127 (0.005) TOTAL IN EXCESS OF THE D
DIMENSION AT MAXIMUM MATERIAL CONDITION.



Source Code vednInsnoulniinsd

#include <avr/io.h>
#include <avr/interrupt.h>
#include <stdio.h>
#include <stdarg.h>
#include <string.h>
#include <stdlib.h>
#include "mydefs.h"
#include <util/delay.h>
#include "protos.h"
#include "fatfile/dos.h"
#include "fatfile/printf.h"
#include "fatfile/serial.h"

#define TIMECONST 5000
#define TIMEOUT OxFE
fidefine  eeprom_address 0x000f

unsigned long volatile countclock;

1t 1

unsigned char reset[] = { OxAA, 0x08, 0x01, 0x00, 0x00, OxFF };
unsigned char sync [] = { 0xAA, 0x0D, 0x00, 0x00, 0x00, 0x00 };
unsigned char ack [] = { OxAA, 0xOE, 0x0D, 0x02, 0x00, 0x00 };
unsigned char init [J = { OxAA, 0x01, 0x00, 0x07, 0x07, 0x07 };
unsigned char pack [] = { OxAA, 0x06, 0x08, 0x00, 0x02, 0x00 };
unsigned char snap {] = { 0xAA, 0x05, 0x00, 0x00, 0x00, 0x00 };
unsigned char getp [] = { OxAA, 0x04, 0x01, 0x00, 0x00, 0x00 };



unsigned char ackl [1 = { 0xAA, OxOE, 0x00, 0x00, 0x00, 0x00 };
unsigned char endp [] = { OxAA, 0xOE, 0x00, 0x00, 0xF0, OxFO0 };
unsigned char nak [] = { OxAA, 0xOF, 0x00, 0x00, 0x00, 0x00 };

It i

char take_caemra (void)
{
CAMERA_PORT |=_BV (CAMERA_DET); // enable card detection, putl-up
CAMERA_DDR &=~ BV (CAMERA_DET);
if (bit_is_clear(CAMERA_INP, CAMERA _DET))
return O;
return 1;
}
4 1

char mmc_card_present (void)
{
MMC_CARD_PORT j=_BV (MMC_CARD DET); // enable card detection, pull-up
MMC_CARD_DDR &=~ BV (MMC_CARD _DET);
if (bit_is_clear®MMC_CARD_INP, MMC_CARD_DET))
return 0;
return 1;
}
1 //

int uartGetChar (char *dat)

{
unsigned long timeout;
timeout = 0;
do {

timeout-++;



if (timeout > TIMECONST)
break;
} while (UCSR1A&(1<<RXC1)) =0);
if (timeout < TIMECONST)
{
*dat = UDRI;
return 1;
}
return Q;
}
It 1
SIGNAL(SIG_OVERFLOW1) // signal handler for timer1 overflow interrupt

{
TCNT1 = 65535 - ((F_CPU / 64) / 10 ); //Counter Reload for 100ms

countclock++;

}
I i

void SendCommand (unsigned char *dat)

{
inti;
for (i = 0; i < 6;i++)
{
uart]_SendByte (dat[i]);
_delay us (5);
}
}
/* */

int wait_for_ack(unsigned char *rbuf)



{
unsigned int i=0;
unsigned long timeout = 0;
unsigned char rChar;
while (i < 6 && (timeout++) < 40)

{
if (uartGetChar(&rChar))
{
rbufli++] = rChar;
timeout = 0;
}
HF
if (timeout < 40)
{
printf ("\r\n");
for (i=0;i<6; i++)
printf ("%02X " rbuf{i]);
return 1;
}
return 0;
5
I i

int get_frame (unsigned char *rbuf, unsigned long count)
{

unsigned long i;

unsigned long timeout = 0;

unsigned char rChar;

1=0;



while (i++ < count && (timeout++) < 10)

{
if (nartGetChar(&rChar))
¢
if ((i >= 5))
{
rbufli-5] = rChar;
timeout = 0;
if ((rbufli-6] == OxFF) && (rbuf[i-5] = 0xD9))
break;
if (1> 513)
{
printf ("rAnOver Flow");
timeout = 50; // max for error
break;
}
}
}
5
if (timeout < 10)
return 1;
return 0;
HE
I W

unsigned char eeprom_read (unsigned int address)

{
while (EECR & (1 << EEWE))



}

EEAR = address;
EECR |= (1 << EERE);
return EEDR;

™ */
void eeprom_write (unsigned int address, unsigned char dat)
{
while (EECR & (1 << EEWE))
EEAR = address;
EEDR = dat;
EECR = (1 << EEMWE);
EECR |= (1 << EEWE);
}
/™ */
/* Start Main */
int main(void)

{

unsigned char Recived{512];

unsigned tong i;

unsigned int loop, retry;

unsigned long jpeg_size,jpeg_runtjpeg_pkg.last pkg;

unsigned int complete = 0;

char  card flag=0, card_remove=0; //status card
char f id;

char  name[l1];



unsigned int len;
unsigned int result = F_ERROR;

unsigned int eep;

SFIOR&=!(1<<PUD);

ser_init(}: /115200
init_uart} ; /115200
sei(); /fenable interrupts

printf ("r\nDigital Camera");

_delay_ms (15);  // wait for stable of PIR sensor

MMC_10_Init();

while (1)

{
printf ("r\nWait for Take Camera Press botton Key\n"); // Wait for MP detect
while (take_caemra ());

eep = eeprom_read (eeprom_address);

if (eep == OxfY)
{
eep = 0x01;

eeprom_write (eeprom_address, eep);

memset {(name ,0, sizeof name);
sprintf (name,"IMG%03d.JPG" cep);

printf ("\r\nFile name %s",name);



if (!mme_card_present ()

{
printf ("\r\nCard Ready....");
if{GetDrivelnformation()!=F_OK) // get drive parameters
{
printf ("\n\rCard Fail"};
}
else
{
printf ("\r\nCard OK\n");
card_flag = 1; card_remove = 1;
}
}
else
{

printf ("\r\nNo Card in Slot\n");
card flag = 0;

card_remove = 0;

//SendCommand (reset)

//1 Sync Camera
for (retry = 0; retry < 3; retry++)
{
SendCommand (reset);
_delay ms (10);
for (loop = 0; loop < 60; loopt++)



printf ("rSyne Camera %d",loop);
SendCommand (sync);

memset (Recived, 0, sizeof Recived);

if (wait_for_ack (Recived))

{
if ((Recived[0] == O0xAA) && (Recived[1] == 0x0E))
break;
}
i
/1 if loop > 60 then camera not connect;
if (loop > 35)
printf ("r\nCamera not Connect");
else
{
printf ("\r\nCamera connect now");
while (1)
{
//send ACK.
complete = (;

printf ("r\nSend Command ACK");
SendCommand (ack);
//get dummy byte
if (wait_for_ack (Recived))
{
if ((Recived[0] = OxAA) && (Recived[1] != Ox0E))



break;

}

printf ("r\nSend Command init JPEG");

SendCommand (init);

if (wait_for_ack (Recived))

{

if ((Recived[0] != OxAA) && (Recived[2] != 0x01))

break;

printf ("\r\nSend Command package");

SendCommand (pack);

if (wait_for_ack (Recived))
{
if (Recived[0] != 0xAA) && (Recived[2] != 0x06))
break;
}
printf ("\r\nSend Command snap”);
SendCommand (snap);
if (wait_for_ack (Recived))
{
if (Recived[0] != OxAA) && (Recived[2] != 0x05))
break;
}
printf ("\r\nSend Command Get Picture™);
SendCommand (getp);

if (wait_for_ack (Recived))



if ({Recived[0] 1= 0xAA) && (Recived[2] 1= 0x04))
break;

if (wait_for_ack (Recived))
{
if (Recived[0] != 0xAA) && (Recived[2] != 0x01))
break;
}
jpeg_size = Recived[3] + 256*(unsigned long)Recived[4];
printf ("\\njpeg Size = %ld byte",jpeg_size);
//after init camrea success just to return complete = 1;

complete = 1;

break;
}
if (complete)
{

/Mast_pkg = (unsigned long)(jpeg_size / 512);

//jpeg_runt = (unsigned long)(jpeg_size % 512);

//printf ("\r\nlast pkg = %ld, jpeg runt = %ld" last_pkg.jpeg runt);
printf ("\r\n");

if ((card_remove) && (card_flag))

result = Remove(name);

for (jpeg_pkg = 0; jpeg_pkg < (last_pkg); jpeg_pkgt+)



ack1[4] = jpeg_pkg;
SendCommand (ack1);
memset (Recived, 0, sizeof Recived);

if (get_frame (Recived,512)) // need to get all

{
printf (".");
len = 512 - 6;
if ((card_remove) && (card_flag))
{
f id = Fopen (name, F_WRITE);
if (f_id >=0)
{
do {
if (Fwrite(Recived, len, f_id) 1= 1)
result =F_ERROR;
} while (result == F_OK);
Fclose (f_id);
}
else
printf ("\\aWrite Error 1");
}
}
else
{

printf ("\"\nError");



}

_delay_ms(1);

ack1[4] = jpeg_pkg;

SendCommand (ack1);

memset (Recived, 0, sizeof Recived);

complete = 0;

if (get_frame (Recived,512))

{
for 1=0;i<512; i++)
{
if ((Recived([i-1] == 0xff) && (Recived[i] == 0xD9))
{
complete = 1;
len=i+1;

if (card_remove) && (card_flag))
{
f_id = Fopen (name, F_WRITE),
if (£ id >=0)
{
do {
if (Fwrite(Recived, len, f id) !=1)
result =F_ERROR;
} while (result == F_OK),
Fclose (f_id);
printf{"\r\n\nFile %s Size =
%1d.%031d Kbyte",name, FileDescriptors[(unsigned long)f_id].FileSize/1024,



FileDescriptors[(unsigned long)f_id].FileSize%1024);

else

printf ("\r\nWrite Error 2");

}
else
printf ("\r\nPackage Complete\r\nNo
SD/MMC Can't write");
break;
}
}
if ({complete)
{
printf ("\r\nData not complete...\r\nPlease try again");
if ((card_remove) && (card_flag))
result = Remove(name);
}
else
{

printf ("\n\n.....Successfull.....");
if ((card_remove) && (card_flag))
¢
if (eep++ > 255)
¢
eep =0;



eeprom_write (eeprom_address, eep);
_delay_ms (10);

}
}
}
else
{
printf ("r\nError");
}

printf ("\rn\n");
SendCommand (endp);
printf ("\\nSend Commnand End\n");
} // if (complete = 1)
else
printf ("\r\nInit Camera Error!");
} / else

if (complete == 1)

break;
else
priatf ("r\nTry again”);
} /I retry;
}

while (1);
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