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Abstract

This report describes about application of an interface between CMOS camera (C328R) and

color LCD display (Nokia 6100). The interface was implemented using the Atmel AVR

ATmegal28 microcontroller.
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szuud Additive Un@idonaded Snveilndunid 3 Fudetilsiam msldaun
nrilnluneniamed Tvazdsanaivdszms dadludnyasmnt: dniuiinasmsiussuy

a o
ﬁﬁ]ﬂ\'lﬂﬂ”'ﬂ']!ﬂﬂiﬂﬂu



sruyudvesneuinees wineitesfumsiaasnauasnuaasUuIenouRInes Tnol
dnuazmsuaasma Ao 0 hilluaawwadlawme vusenwezuaaudiu " vindnnd
sanswandouiu smiuduusenmily "Ju daddu waninmsuaasdvaie & uall

v
AANANNY MIUAAINANNHUL T 8071 MIUAAITTLUY Addivtive

71U12.3 Msudaadszun Addivtive
U5z Additive Usynoudedndn 3 & (auRefuuud) As fua ( Red) Tiaen

9
o A g W l& e
(Green) Wog @413 ( Blue) GAns 2011 RGB Faiigaliinmsnauivod RGB a4
¥
AN THYBIL AN

i 4
1. dunififiswiiu wmausuiiug ) dnadsi

1Red _ +1 Blue

1 Blue 1 Green hc an

_—é’»{éﬁ@ &/

1 Green ~ _ +1Red =Yellow

9 v
2. S ATA AU WIWaNe 3 7 v lananeil

EE N U TS £ Greén’ © e s=T/hite

3. dusddnen i weuiu oz 18aa9e full) wu




LUV Subtractive
52UV Subtractive NNy NATI WA Additive Tnodudaz ez ldnnmsand
' o Q’: = =1 = ﬁ; =
a9 ean lnnszuy duiu min luimsuaasilen swuaasmwadiudu suzhimsuaasd
v
nnd szalsngdiudd wagdndn niewidvesszuudl wilszneudae G (Cyan) Finaung
{ e ‘; oy A @
(Magenta) oz @mana (Yellow) 1303211 CMY iihusznudnldfuanudsnud dainez s

1A Wl ddae 3950315200 CMYK (Cyan, Magenta, Yellow, Black) 1u1o4

w;‘} ‘
L ‘4’3 ) 3
. 2= )
‘ E \ o

317 2.4 MIuAITIZ UL Subtractive

BLUE

100% YELLOW BROWN

ADEINITHANT
L R MAGFNTR (WY BLACK INK ALLINKS
o veLow
100% YELLOW 254 BLACK
DR o
B v s
) | mue
| srown

3% YELLOW
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2.2.4 pluppvedivla
Wdnswiila Tagiiuil 3 dwdn o fe
1. 'lﬂﬁ"d A8 GIF ( Graphics Interlace File)
2. hlﬂﬁ‘ﬁflﬁ JPG ( Joint Photographer's Experts Group)
3. I"ldana PNG ( Portable Network Graphics)
1?‘]&?(@’61 GIF (Graphics Interlace File)
B dns mAnnasguiivhauuudumesida snes1ile
1. deamsIndfnivwaidn
2. SwanduazanuaziduaveIn I liganin
3. dosmismunoyTalsela
4. Anantsuanananyy In39319A0Y LAIRBELERINAIIL LA DA

5. ﬁ’amnﬁuﬁuammmvmmﬂﬁau"lm

= 7o
1. fvuialnam
v a
2. mwnrasmsssawlnduiuiuuTysale'ld ( Transparent)
3. fiszuudaainanuuvauiazaos vee lgaz®en luszuy Interlace
4. ldsunsueiunisadasiuauan
= ar = & N
5. 5009 IAduns WAL I803 (Graphics Browser) A1
6. ANVAITIA UM U NTHOLUUMWARDW 112 ( Gif Animation)
Y
gAnoe
an Vot a
ueraed 1Ay 256
d
"M’sm’f]il JPG (Joint Photographer’s Experts Group)
= ¢ & { o = )
dudnlWdnilandeulduudumeiiiagnldnsel
~ 9/ o =} - VA o ar = - |
1. awhaesmaduauelianuazideagl uaz 5@ nwINn (iuayuda 24 dad)
by ~ o 2 vy ¥
2. desmsdiydawnnudosmsvedls

o = :fu ar v i o o - [
3. Tdaiiatiine: 1 unmaendiunauny uazdeamsi Il vusume it msie

TanuaudauazanuoziBeaveanings



gaIAY

yaden
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o =1 -2 -
aduayui 1a9a 24 1ia
o 1 =i Y P k4
ansadmuasin iy vd 1dauidesns
= 1 t L <4
iszuuuaaswanuuvounazaos v lgaziBealuszuu Inansadd
(Progressive)
Ildsunsuaivayumaadiesd o
a & . o
Fung lasunswilas1iimes (Graphics Browser) 1)nd7
14
aarn 3Dy IWE 18 (compre=s files)

¥

i lvwuvessa Tusela'ly'ld

L

J
veidavesmsiivlvia ( Compress File)

° v = v T o R v
smuammstuldaBgs (1 - 10) wisgelvinaves Ilatvuad uand

doide Ao iedimsdanmanuidielduanswafigniiozsh Idmsuaasmadinn mszdes

! 4 a 3 - ' =1 'd o 9/ @ '
mm’mﬂummmu"lﬂa muuﬂmaaﬂmmﬁuﬂﬂa mﬁﬂmuﬂ"lmﬂmzﬂuﬂumwnmaxmw

AU
1,
2.
3,
4.

gAnee

‘1ﬂé’n’f‘}n PNG (Portable Network Graphics)

aiuayud Idsemum@alonss (True color) (16 Ta, 32 DA 130 64 1n)
mnsadmuaninmsiuInd ldendidesns
UszuuugasnauuuriIuazaeee ve1e lilgazivea (Interlace)

¥
oy Tlsadlald

o 1 ~ o 3
mindmuaninsiulnaligs sz ldna lunsaas Indgea liude uavunaves
L4 ) o
Tavzlivuad
1 o Y =y a o 1 1 ar
Timivayuiuns wdnws 13w (Graphic Browser) 311 e UIRNIE IE 4

Iaig Netscape 4

o

= ° =R Vo ad 3 .
mmazmﬂmmmmmzmmumuaﬂﬂmwiam‘m (Video Card)

9

Tlsunsueniuerynlumsadieiiios
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UNN 3

= 4 % v
‘S‘Iﬂﬁzﬁlﬂﬂﬂlﬂﬂ?ﬂﬂiﬂﬂﬂﬂﬁﬂﬂ

3.1 Tuganasd E700

o o =% a | 4 '

WluTugandesildlunnSounsn iflundesuuia 640x480 Ania ImsiFeude

an a = [ o
Yoyantneauy 8 i Ididuaesasiefuniwuuy CMOS 1wos HV7131GP ¥4 Hynix u
Tugandeanlfluilenetvie Sumsung E700 T3duuvvesdyanaminivainvaiy iy
Jq ¥ ° aa LA | g ] ° 9 '

YCbCr 110g RGB {lFamsoimuasigmesmativuaminmsnavsendes Taoriums
.e'l ] 2 [ 9 9 I~ 1T w 1 a oA P
WoudoIUY I'C A NI0dIdyaIsn W IdAenNUEIgege iy 30 sieaduni nnud

ad
25 IUNNTLTTY

71 3.1 TugandeduaznsiniEe91909nA09 E700

M13199 3.1 LEAIVIAI) YBINADY

Pin Dascrin Pin Descriohi
1 YO [oul] 1 ENB [in] = Enable Camera
2 Y1 [out] 12 /RST [in] - Reset Camera
3 ¥2 [out] 13 |GND
4 Y3 [out] 14 |vec
Data Bus
5 Y4 [out] 15 |SCLJinout] - I2C Clock
P Y5 [out] 16 |SDA [inout] - 12C Data
7 Y4 [out] 17 Vsyne [out] « Vertical Sync
8 Y7 [out] 18 |Hsync [out] - Horizontal Sync
9 vee 19 |PCLK [out] - Pixel Clock
10 |GND 20 |CLK_in [in] = Clock Input
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3.1.1 dyanaue1nivn

- ——

CLK_in
PCLK

1 Frame
@640x480, 480 HSYNC peﬁods

RST

VSYNC

l

i

HSYNC

AANDAAL
A0048A8K

fqt

R I U

DATA

-

|
AATAN . AN

-

=

reuc 1\ LA

HSYNC '

UYWAY AU U
L

2= = NV Y

CE==aditil (1l

DATA [Ty e
I
|

1 ROW |

@640x480, YCbCr 4:2:2, 1280 HSYNC periods [ 640 x 2 Bytes / pixel ]

a [ o T 9
31U 3.2 naasdyanauemuaasvas Tugandos

=

= vy [ o as Y
1ngl ssmuddeyaszgndenas luannwadues

¥ A SV &y o . 4 ¢l 4 o
mmmﬂﬁwmmwnmmﬂnﬁﬂgﬂpm CLK in TagmstaouveanaiuzIuelny

PCLK dayaas PCLK Taiduilu

Q

anudneutazanudve PLK ausndsuldmumsiseuaeiuy 'c Taeld

» . 4
TuTasneuInames dyara HSYNC uazdoyaszgneunnguenviaaves PLCK daly

¥
v W =) R o o Y
Yz TudyR I HSYNC szdnaiianuziilu high Avedin I lddauananin 1 uorluuuiveu

Voo d w e & i A4 q oqy
dudyanm VSYNC szitlumdmuaimauunivianua o 19 18w 1 w5y
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3.1.2 1esiEiuTugandes
Lmﬁu"lﬂsﬁyawaﬂu@aﬂﬁ’milsss’fmﬁmmﬂéami 2.6 - 3.0 Thad 1udenluldens
usadunsi Taold LM 317 wldou’W 5 Taad 18ivina 2.8 Taad detlowldlugandes
drnsesduilanwintlouldiuTugandes 9219 Tod Hex inverter iwo 74HC04

' ow o a a v w A o dd {1 W ad
aafudnsadansgy Tasazidenldniadanlnnudmifiu 4 wnnz@Esy

+2.3% +2.5%
164aF I
= 1K guc
CHMOS Crmera Module =
R B4 1] ENB
—_—1 Y1 EST p© d
W L GND sW -L—
- Y3 YCC e
—_— Y4 8CL —
s I ) SDA —
— Y6 VSYNC b iM
e i ¥ HEYNC —
YoC FCLK e
GND  CLK_in
+2.3¥ i
] 22¢¥ - T 34eF
1e6aF —— e s

= pd

H Hd v
31041 3.3 msdlonIvides wazarwdldiu Tugandes

Vo =125V {1 +Ra/Rqy)+IaApyRo

' ¥
317 3.4 myadaussduIviGesvesiees
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oy < 3 [¥) a d
3.1.3 mysunesmalugandesduneniaunes
= o ar W e ] ]
msduwesmaaz 14 uTnsneuInsaans AVR lunmissudoyasiad udnhdoyah
18 luanmavunouiunes Tasldmsdomsuuuoynsulaeldluga UART oudedy

aeuRaes uazldlisunulawesmeiiuealumsuansnadoyn

3.1.4 nannradeuldsun e Sudeyamn

o

9 ¥ o o ' W J’
;ﬂnmumaway}amwmﬂﬂami}sﬁ‘luuuu YCbCr TﬂUllﬂ'lﬂ'Uﬂ‘lfﬁ\‘ﬁlﬂl‘J.ﬂ il

Y{7:0) Y Cb Y Cr Y Cb Y Cr

LY (3 o o ] ] 1 V¥
foyaludusaidsoenmisndu Tud v uazazmudl 9o 4 manududuvoauas
J L] o
a9 azalsznonlildae Cb wazcr od19as 2 Tud
] = W o & ¥y A ¥ " w
1Ho3910 1 finwa U52nouR0 Y Cb uag Cr fauuvzasalimiald Cb uazCr sy
3 = = 3/ vy o du Y o o
AEIABG N9 2 A 9zAoeFoyad i 4 Tud 18R Y Cb Y uaz Cr mufiay
= A w 9 Y 9/ o o 1 g 2
TumadouTsunsuiesudoyann szsumunwizdeyaidulud v iy daee
W ldlddeyanmiiduInudim
L 1 [ o o A o
fau dundngues Tl sunsufeniiums MmdunsituTuga UART uazms 14
o o = o | o @ Y ' 4
Heddumsdumes sUAlumsdudyana PCLK oy VSYNC 1i1oann sxdeeldaauiidiy
Fd
YouvIaazYe U ANYesdygNY lumsarugumsiudoyanw

¥ o

¥ oA = v & 16 o A 3
q}ﬂuﬁﬂ‘IW“vlﬂﬂzlfﬂu1ﬂlwt333”“”0“6@3’”7‘1”1”“ Tﬂﬂiﬁ]u1ﬂ 40x20 "gﬂ lWﬂ%g\lﬂ

vihdeyai 13 lumdeadlunmdaly

3.1.5 unargilveamslyndes E700
] ¥ < v ¥ o
iipanindeyanimfioenunain lugandeailudeyanuuvu uazmsiuues
ol Y a i o o o @
luTasaouInsamesnld ludusudeyandwuazdoyanldntinnuAanain aatiu 513

o - Y o & ¥ & v o o
‘VI'Iﬂ']iL“]JﬂUuﬂﬂﬂ@iuﬂﬁ’ﬂ'ﬂﬂiﬂ\TI‘L! 1l'llﬂuﬂﬁﬂﬂ C328R “H\‘lﬂﬂ'ﬁﬁﬁﬂlﬂﬂuﬂlﬂuuﬂﬂﬂuﬂiﬂ
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3.2 Tugandes C328R
ndpe C328R Wundes vGa ilddeyanmilu il 0PEG) munsaeudenuy’ly

1 dy 1 g Q. 4 J L)
@0 (wireless) H3® PDA ndosguil aunsamenw lanauuunmilwaznndoulnl Yueg

fumdanann e

Y

anyULAINY

a

=] =Y

- YUIALAN 20x28 UADIAT
- imgn laias e

- Woude laeld UART fidasinomingaga 115.2 Tnaedui

Block Diagram

Vel
OV7640 L oo SN | A0 \ S
VGA OV328 TxD
Image —  Compression RxD
Sensor Engine EEPROM
(program)

= < ¥
g'ﬂ‘ﬂ 3.5 Uﬂ@ﬂqﬂﬂﬁllﬂiuﬂﬂﬂﬂﬁﬂi C328R

sruBvRINdnlsenanday 3 dau 1dn
< I8 a '
1. (F UKD VDINADI (Camera Sensor) ﬁ‘_lwvw CMOS 0OV7640 m%’agmﬂmmu
YCbCr v 8 1 TnuFwaaunu
2. OV528 Serial Bridge (Hudwnougy finihiidsdayanimaninveandos iy
d c? Qo o 9 a = P=1
gilnsainiouen uennnil NEvimAeuwlasssvvduazgunimuenn

3. Tilsunsy EEROM dluvi* eanusi Tdsunsunieluy C328R

Pin Description
Pin Description TN a ek
VCC Power 3.3VDC ® | ™0
TxD Data Transmit {3.3V) / \\; °®
RxD Data Receive (3.3V) \__/ p RD
GND Power Ground S GND

=D.

31

Qs ' kY
3.6 VIFYY VA UYDINADY
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guinnemynnnl nizssNndimAnTzRh

manareuzlildenndes
o { ° q 1w = 4
mannsaiimsnaseugli 1denndes TasmsindesluiFendeduneuiiunes

' @ 4 daq & ! ‘;j o o
HIUN1aNesaaynsy ¥92305R 151 unmsieunaluaals

e
y. &

o] e <10 vee H8 o 33V
3

oy

4 “2
et —ys?
A

ce
e S oNp 18
Tan vt H GND
oo i vourH mem

DBY
i“
[-gtnlt) 4 RN ETXD
3.3V N L34 oy L )
pyp  *—i4—0
C328 G
, MAX3232 ETXD »— O:
s g,
= o 2o
. Tt iy
I A\
11 LMi1t7 >
GND GND
sv 3.3V

Vin Yout|
| GND I
{0uF T T 10uF

51l#1 3.7 29959 4i%¥oune C328R funouiunad

1 ¥
Turesezilszaoulidae Tod LM1117 nthiiad s edulWiEes 3.3 Tae 1950
ndos C328R uaz lod MAX3232 fishnthidshudeyasnndeslifwesa Rs-232 vaq

o o
ADUNWIAUNDT

822005
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{ { o 3 a2 W 1 y
woa$ N 1Y iHuaenudFigaannaulavusiin COMedia voegoane Talsunsuil
WuTsunsuiildaronm Tasidl¥annsadonvinavesnmaundesns 14 18un vina

640x480, 320x240, 160x128, 128x128, 128x96 1Az 80x60 i IavziiluTvduwana jpg
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UNN 4

Tulaspouinsames AVR

4.1 TEAZIBANEINT AVR
P v =Y
TulnsaeuInsaaes AVR iWu'lulasnou Insamesn lasunuilouyin a1
ANUATOUINAYT NN Tigunmin muandunsestie lunswann TusunsuinGend
. < o ' o q - & o 4
AVR Studio N11150%191U5 AU WinAVR (C Complier) Fatluaonauisws
o ) A A a g
luTnsaouInsawes Avr iWululasnauInsamsd finan lasusn ATMEL
) o [ 4
@iy Tulnsnen Tnsamesnszna MCs-51) AVR Sauihy lu TnsnouTnsamesaszga

1 = é [ q‘/ o
Tnsivin ATMEL faorilaonssusty RISC (Advanced RISC architecture) AOHIAA 1T 1%1974

v P <4 . MY < .
Tt mm1mu1wmsﬁmwm AN (instruction in a single clock cycle)

puauiinveweialulaineulnsames
i@on19 AVR 10§ ATmaga128 ifhulnInsnouTnsamesvuin 8 fia 14
undafuiladyyenninuuy XTAL i1 16 wnnedsy Jmuauifnuves
TuTasneuInsamos 1dun
- dndeanud) uway (Flash) dwmsuideu Tdsunsy 128 Ala'lud
- ivreaudfoyan1isuuy EEPROM wuia 4 Alalud
- §UM /O gagana 5320 N
- flhaesfeans SPI $1uw 1 89, PC 311w 1 ¥04, Programmable Serial USARTs
U 2 Y09
- {1 ADC YU 10 TUa $743U 8 ¥04
- ¥ Timer /Counters 8 1 1A% 16 119 914U 2 499, 8 10 PWM §1u47u 2 04,

Watchdog Timer , Real Time Counter
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4.2 maneusul¥inu AVR
v 4
11199910 SRAM 11909 ATmega128 Hvuna 4 Ala'lud ua lsiasidoenis 19usy
9/ ' ) a R A o a 9 [ P
Tumsuaanadoyaninediaios 17 flalud Seinnuiniunzdesdeusuniouen

ATmega128 nsnvziinusy ldgaga iy 64 ilalud

Data Memory

$0000 - $001F
$0020 - $005F
$0060 - $OOFF
$0100

$10FF
$1100

UM 4.1 msuisdruresntasanusinelu AVR
L4
vngddeuuusunelu sxfiuamasadsis 00100 B9 0x10FE dauioAR s aUBALTY

NUUBNLITUIN 0x1100 119103 OXFFFF

y , \
PCO 35 A8 A Do 2 D 1 19 A0/ NAD 12 A 0 13 Do
Pl |36 A8 A /D13 | »n 28 18 A1/ AL 11 A? %81 14 DI\
PO [37TALLA D1 4 | 4 3Q |17 A2/ NAZ 10| 45 o) [ 15 D2\
PC3 |38 ALLA D3 5 | ap 4Q | 16 A3/ NAT S | a3 pog [L17.DIN
Pod |39AIL ’Da ¢ | 5 sq |15 A4/ NA4 R | ia Og [L18 DAY
Pes |H0AL3/ /D5 7 6D 6Q 14 A5 NAS T | 45 Tps [13 DN
PCE |[HL A4 A D8 | oo 7q JL3Ad/] NAE ¢ | 4z 106 |20 DN
PC7 42 AIS,‘ ' D7 9 gD BQ 12 A7/ NAT S A7 07 21 Di \
¥4 —
o \AE 271 ag
PAQ |3L1D0 c A2 26 | 4g
PA1 | 23DL/ 1doc NAL 23] Afp
PA2 |44 D2/ I NALLZST 411
PA3 | 48D3 /] 74HCTS73 NALZ 41 495
PAg |-31D4 /] GND NALI2B) 4 4g
PAS |-38D5 NAl4 31 414q
PAs | 33 D¢ \ALS 31
PA7 |3 DT\l 3 148
ey GND[— ] Alb
ALE | ¥ 29 | WE\
4 24 | oF\
RD | 22 | ey
33 | 30
WR &—— ] cs2
GND
ATmegal28 \, 621024 /

31N 4.2 2sesmisaeusumn iy AVR
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4.3 nrsdemsveyaeynsuruluga USART

|

=

TulasaeuInsames AVR aunsefivzdomsdoyasynsuldlavms1dluga
USART (Universal Synchronous and Asynchronous secrial Receiver and Transmitter) odons
¥ v o EY 3 a Y 1Y = ] & = a o
doyarunnneinoynsy ldnwwusilnsda (deyaiinnuaeiiies imsfmuadaye o

P 2 o 9 ar o ] A 3 w L= | v o do
WIAFPIUNHUDUAUNNATHIUUAS AU maﬁlwmsmmummﬁuwuﬁﬂu ) ung
prdalnsva (mana"lmuﬂuﬂmﬂmumﬁﬁmmﬂu (Start bit) Uﬂ"ll‘ﬂilﬁ (Data bit) llﬁ“‘mﬁlﬁﬂﬂ

1ad

(Stop bit) fdanise (Parity bit) 138 laif

o vt - T — v . i it S e i s vt i b . e v e i St A SO Mt Sty

UBRRM:1]

Y

i

ose ]

|

BAUD RATE GENERATOR  jwe :
|

|

L

|

k

E T YT — PN nt,

ol CONTRGL xcx

T el V7 N ““"’“"“'"““‘“‘“"““'ﬁ.nmm““‘e?*'
. . ™

: UDR Transeit) conthoe | !
i PARITY |
| GENERATOR |
} N pe 2 PN I

E '—'-.-: H TRANSMIY SHIFT REGISTER CONTROL Ty
., |
LA Ala ™ QEEARTInasne 1 < AR A _ |
i Receiver |
| »lcrLock |
| RECOVERY centac | |
j i
! L L }
. \ BaTA eN |7

| —.E?'\ RECEWE SHFT REGISTER RECOVERY contRoL [+t—] R0
A ’
i
l PARITY I
| |

U7 4.3 ~AenlaozunsyTuga USART

a 1 [ v A
vingUazfiud Tuga USART utiseanidly 3 dau Al

1. davadiedyanauiim (Clock Generator) iite ¥ munasnsiven lunssuds

3
doya Tnvausadmualdnamelunazneuen HILN19Y1 XCK

Y

2. U 'E] URDYNTY (Transmitter) Tﬂﬂﬁﬂ‘llﬂlli‘lﬂﬂﬂ‘ﬂ'lﬁl'lﬂﬂﬁﬂ TxD

3. dwfudoyaeynsy (Receiver) Tasmsiudoyaninuimesa RxD
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uaziisvamasniuguatsnie 3 @2 Uszneulidae UCSRA, UCSRB 1agUCSRC
T = Qs o ] s
madsdeyeaynsulugiisuozdelasiia sedunsdedoynilumsy dnvazvounsudoya

iy ¥
aynsuiitsznenlide

T
) =

1. Tnsududoya (Start bit)
2. lindoyn (Data bit)
3. wWisAln (Parity bit)

4. Uavigadioya (Stop bit)

| J
] PR ’

(IDLE) \‘a,\ St /l 0 XY 1 }i 2 X 3 X 4 X{SiX{S}X(’!}}([&!X{P} fSpI {Sp2ly (StIIDLE)

St Start bit, always low.

{n) Data bits (0 30 8).

P Parity bit. Can be odd or aven,
Sp Stop bit, always high.

iIDLE  No transiers on the communication Ene (RxD or TxD). An IDLE line must be
high.

s 4.4 stumtsudoynaynsw

v
WS g ol

¥
AoauiANd 1A ves Inga USART Hasil

1. Mmadeasuuuagwand (Full Duplex) S5 uuazdad wondaszaoiu a1nso

a

Sudadoyala lhwauduaniu

2. eIy Tnue B Tnsfauazezdelnsila
3. HamaudAvoanesaoynsunsudau iy msivuatindeya mstmuaiinnga
wazmsfmuansa udy

4. fidwasnasuanviavanveunsudeyauazdoyalernsisu (Framing Error
and Data Overrun Detection)

5. Tnuamsdemisuuuvad lUsveaos

6. Tnuandguninnilunsdemsdoynunuosdslnsiia



A Y =) o A Y 1

midomideyaaynsuTnuaezdelasdmilunsfeasdoyasznitnlulasaou

¢ o 3 i a e 4 ' = d
InsameifunesaoynsunsonivmiriuInsnouTnsamesusoudetunouiunesii

4 o o o g = Ad.y 9 9/ =

HasaoyNTN (RS-232) wannnmsimuasnuiadoya davga uazwisauds sxdedinis
a o o s [} Ao 1w
Amuagasuirlumsiudedoyaiifond Sasiveansovenisa (baud rate) n3on13

nlasuudasvesdygralu 1 Juk

A15199 4.1 MIATUIUHIOATILBMTA

TruanisHiau AITATUIMNHIOASIUDATS | NITAIUIMYIAT UBRR

TnumozdelasialnA(U2Xx=0) | BAUD = fosc/16(UBRR+1) | UBRR=(fosc/16BAUD)-1

Inuavzdalastianigu BAUD = fosc/8(UBRR+1) | UBRR=(fosc/SBAUD)-1

(U2X=1)

Tnuamanos s Insvia BAUD = fosc/2(UBRR+1) | UBRR=(fosc/2BAUD)-1
Tag

BAUD : das1vomsaluniiolinaeiuii (bps)
Fosc & ARARQNsuWAIMANYB9S2 UL

UBRR : $3eh@ios UBRRH 11az UBRRL (0-4095)
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71 5.1 908 LCD

‘smaz;%'uﬂﬁﬁ]ﬁ’symama

1. Tvua 132x132 finisa

2. snsoidsamandasnin ldauy 12 U9, 8 Ua 1ag 16 U / Nna
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1989 LCD 6100 5 10 91 TneiisoaziBungail

V11V, A0 usaiIidssdmnsesasaoaisy "l.v\h‘ﬁyuﬁwmuquﬁﬂwqj
412 RST Aip 913199 Tasshamfiaesn o

Y13 SDATA flo Vidwsusudsdoyauunaynsy
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115 Cs fip VidmSuBuuiatenable)ms sudadoyasynsuhnuiiaedn o
16 Vg oy H398UTA I lumisuamann aansald1dsuns s 3.3 Taad
417 NC laifinis Idfeu

418 GND

419 LED- ifluviay dmiuluuunlaviBackiight) $1laidosnsarugumsseIn
213135090 GND 19 Iaua s

11 10 LED Wuvinn dmsu uva lan 14 lasuus sduilssunw 6-7 1ad
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¥
#5191y 0 s lanwina 6.3 Taan

] 9
310 5.2 2eesaduseau lhidosWiused Lep

1A Vo =1.25(1+R,R))
doemsusaduln 3.3 Toad @onld R, - 240 Toriw 92'1ds R, = 303.6 Toriy fariy
wifionld R, unnudumudium idvinag 1 AlaTevu
doamsusaduv 6.3 Tad idonld R, - 240 Toriw 921881 R, = 969.6 Toviy Fariu

wifien1¥ R, Wuanudumudium 1dvina 10 Alalery
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1. aenduIimssunwannded C328R

o o =)
2. gevdulITmMILaaINan ULl LCD

6.1 MIvpuseranIslvnINGDY C328R

o 9/ td. Y ° 1 ar Gt [} -~
ndgyanauvendesndonirliasiululasaeuInsamesiog 2 91 Ao

1. Wiy

a

2. YTUAYYIN

(TXD) #9fi1Uv1 PEO (RXDO) 484 AVR
(RXD) inN U1 PE1 (TXDO0) Y84 AVR

A ¥ 1
Wingannaesiuil l¥msdemsunneynsy is13uion s luga USART vesluTas

¢ &t an & = &4 £ ] A
ﬂﬂui'ﬂﬁalaﬂi “]f\']’)ﬁﬂ‘lﬁﬁaﬁ—lﬁllﬁ'ﬂﬂuﬂinﬁﬁuﬂﬂuq Tﬂﬂ%galr‘ﬁﬂj]lllﬁjﬂﬂ\]ﬂ-ﬁﬁﬂﬁ’lﬁ (Uoa

P oo = L) = & 1 a‘ {
150 NNV 115,200 TIRADININ mﬁ‘_luﬂu.ms’fuﬁﬂﬁ’mgﬂmm"l"i

FAVDIRTI¥DINADS C328R

A15197 6.1 yafidaueendos C328R

Command ID Number | Parameterl | Parameter2 | Parameter3 | Parameterd
Initial AAO0IR 00h Cotor Type RAW JPEG
Resolution Resolution
(Stil 1mage
only)
Get Picture AAQ4h Picture Type 00h 00h 00h
Snapshot AAO5h Snapshot Type | Skip Frame Skip Frame 00h
Low Byte High Byte
Set Package AAO6Gh 08h Package Size | Package Size 00h
Size Low Byte High Byte
Set Baudrate AAQ7h 1st Divider 2nd Divider 00h 00h
Reset AAO08h Reset Type 00h 00h xxh*
Power Off AAO0Sh 00h 00h 00h 00h
Data AADAQ Data Type | Length Byte O | Length Byte 1 | Length Byte 2
SYNC AAODh 00h 00h 00k 00h
ACK AAOERh Command ID | ACK counter | 00h / Package | 00h / Package
ID Byte 0 ID Byte 1
NAK AAQFh 00h NAK counter | Error Number 00h
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Hazd@Ifde Sync 11 dpenounay lUA e 193 ACK (AA OE 0D xx 00 00), xx : Don’t care

. C328R

> > Max. 60 times

(ISR TS 213

> )/
4 ACK
{AA OE 0D xx 00 00)
» SYNC
(AA OD 00 00 00 00)

31 6.1 MmaFeuneiundoIdIuf 1 Sync
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msdsmdaiofanenundoszdol ldsuaimoundu(ack) Tasnaedluausnoziily
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0xAA 11 0xOE 1o a2 luaneuassiaunilounuluananafida
t& ° d‘] " oW 9 gy g z ¥ g A I o @ d' o 1
Womusamhmsyeudenunasd lauad suae lUafe msdedidunesiinsoie
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yilaveadiluuuy 12 1in uazifonuuIauesnImyiiy 160x120 Wnera el e f1da
Snapshot (AA 05 00 00 00 00) iuMFwaAINNUGDININILHWAINTIS ADAIAIT Get
i A ' ' e ) v P @ 4 a
Picture (AA 04 01 00 00 00) tidm NN Wan mnawnuTivwamls deyannounduiniezil
ﬂ 2 Hly dyd = o o
sUuyily (AA 0A 0L L L, L,L, L,L) 3nanimefinee ivuamiiu Ox L L L L L, lua
2 ¥y g 4 ) 2 & w g 9 I o o Y Ay
nntuntesNIziINs dateyanmi uazilemisasudoyalansuudl midegamoides
@49 Ao A1d9 ACK (AA OE 0A xx 00 us), xx : Don’t care INOUILBAMSIVYLIUAIT lumsoe

NN

ACK
{AAQE 01 xx 00 00)

ACK
(AAOE 05 xx 00:00)

ACK
(AA OE 04 xx 00 00)

Data
“ snapshot picture
(AA DA 01 ~~ ~~ ~~)

Image Data
whole picture

= 1o & A A
7U# 6.2 msasiiduiononnils
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6.2 mavpurenailviueed LCD
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o { = 1 o ot 1 @ 3
gy I1Mve998d LCD NlddanonylulasaouTnsamoilogdunu 4 11 tdun

1. ¥1CS @pAuY1 PBO

2. %1 SCLK #0fiuv1 PB1

3. 41 SDATA agfiuan PB?

4. 91RST #ofiuv1 PB3

S el umsidou Tlsunsunanenaand LCD

1. SLEEPOUT flumdsiduiield 1C PCF8833 (AAn1s power-up

2. NORON (normal display mode on) d‘luﬁﬁaﬁﬁﬂﬁ%aagﬂuimﬂﬂnﬁ

' 9/ s

o w A &4 a '
3. corMoD () dlumdsildlumsidongiuvvesd Feilegdeiu 3 uuy Tfun

12 1ia, 8 U 1a 16 Ua / Aniwa

4. MADCTL (memory data access control) tHufidan 14 lumsfmuamaniug

J o o 3 Qs = ¥
AN NNUNYIVDINUNTIVIUYDY D OAULTY

v
ar

v F 2
5. 'SETCON (set con trast) tiusdait 1o lunisisuar Iidea v,

6. DISPON (display on) ilusdamdiinsuanwwanudeyaiioglunsy uag
A ldida14

7. RGBSET (colour set) Humd sl flumsAmuadnldlumsuansna

8. CASET (column address set) iudidaii 1 lumsimuagaisy (xs) uazgagaie

v o o Y =) ¥

(xe) vesnodu dainsumsdoudoyansluusy

9. PASET (page address set) tHus1dai 1§ lunmsfmuagaisu (ys) unzyagaie
(ve) ¥0aun1 dvsuns@endoyaasluusuy

10. RAMWR (memory write) tHusidalumsiioudioynacusy
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#fN198INTUAAIYAVDIT VB398 LCD Nokia 6100 NATuAUYDIE sziTudagyl

uAsaNsaNzluudianensiaGsiveyad 1d Taslds1ds MADCTL

Columns———— - -

131 e
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A \ (131,0) 4 R
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i o ye
+ - - -
: ] %a
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z - u»——-s-

Rows 3 LF4 » O
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37 6.4 AN WMITHAAIYATYD99T LCD

) = Y a1y - Yy vy
sUnvvvesdoyaive LCD annsaudas Idliogaaeny 3 nuuasinalnuadnsdu
4 P =] i @ =Y ' &
Famsou I sunsulumsuaasrafvzianuana iy wsizlvuiavesdoyaneniiagae
4
wa laiwiiu @il
1. 12 a/WAsa RGB 4:4:4
g = E L) = ]
nAMINIEL N Tumsen Tisunsuiaasn m vzdosdadoyaitas 3 Tud ez
Tdgadduau 2 Ania

M3190 6.2 nanansWeudola d1m31 RGB 4:4:4

BYTE DT 7 6 5 4 3 2 1 0
1st write 1 Ra R» Ry Ry Gs Gy Gy Gy
2nd write 1 Bs Ba B Bp Rs R» Ry Rs
3rd write 1 Gy Go Gy Gy Ba B; By Bg

2. 8 Us/Nnya RGB 3:3:2
A = < o VY e o A
1AMTEHuN Tums@eu llsunsuuaasnin nazdimsdadoyaias lud daz
Tagadsuau 1 fina

M3197 6.3 nanInMsudoya dmsu RGB 3:3:2

BYTE DIC

-~
(=]
(5]
-
(&
LY
-t
=

1st write 1 Ra R+ Ry " G Gy Gg By By




3. 16 Us/nnisa ,RGB 5:6:5
d - d ° I e o
vInesRIzud lumsiiou Tlsunsuuaaanin Aezimsdadayaiay 21ue

ol ldgadsiunu 1 fina
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M3130 6.4 uerasmsiisudoya d1msU RGB 5:6:5

8YTE ofcC 7 6 5 4 3 2 1 0
15t write 1 Ry Ra R Ry Rg Gs Gy Gy
2nd write 1 Gn G, Gy B, B B, B, By
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mﬂmi’wha"l@mJai’maﬁuaai’fminﬁ”mﬁu'inﬁmi1daf’f”fuutywm Sync (aa 0d 00 00 00
00) TW/§andos ndeevzdadayanar ACK asundun Taeiis1as Syne 1Ay 60 qul

ieRadefundelands 15192 defd Initial ANAI0R1&9 Snapshot Liag Get picture

awdau edalindesddoyanmnavin Taende9dauiaveIn I (aa 01 0a 80 70 00)

& a "o a o
Faaauvinavaenin ldmny 0x007080=28.8 Alalud udamwAudeyanin

s - Hyper Terminal

08 E

Svnc Ca-era 29 12

06 00 pa Bﬂ 9’ anl 20 13
06 00

Sync Camera

90 00 08 00
00 00 00 )
Sync Cauera 31b"ﬂ:__J

Send Co-aand ACK
aa 0d 00 00 00 00
Send Command init JPEG
aa Be 01 01 00 00
Send Command snap
aa Be 05 02 00 00
Send Command Get Picture
aa Be 04 03 00 00 00 60 006 08 B6 08
|de de de de de de de de de de de de de de de de de de de de de aa
00 00 00 60 00 00 00 66| 00 00 60 00 00 00 00 00 60 00 00 00 00 00
0 00 B0 0D DO 0O 06 00 00 00 00 0O 0O DO 00 60 00 00 68 00 08 80 B0
00 00 00 00 00 00 BG 00 80 B0 66 00 00 00 00 00 00 00 00 00 66 08 8
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0 00 00 00 00 00 00 00 B0 GG GG 60 0O 0O 00 00 00 B0 6O 68 06 00 00
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16 11 01 10 21 62 10 21 02 10 21 62 16 21 82 16 31 03 10 31 03 10
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Send Command ACK
aa 0d 00 08 00 80
Send Command init JPEG
aa @e 01 01 00 60
Send Command snap
laa Be BY 92 00 80
Send Command Get Picture
aa Be 04 03 00 00 00 00

Hn oy & i 28 T JIN
Alannmstupmdinduasan 2
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N 7.4 MUaes
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#include <avr/io.h>

#include <avr/interrupt.h>
#include <stdio.h>

#include <util/delay.h>

#include <avr/pgmspace.h>
#include "AVR-PROTO_BETA.h"

#include "LCD6100Philips.h"

#define F_CPU 8000000UL

#define Delaylms(x) _delay_ms(x)
#define sbi(port,bitnum) port |=_BV(bitnum)
#define cbi(port,bitnum) port &=~( BV(bitnum))

void Delay100ms(uint8_t x);

void Delay100ms(uint8_t x)
{
uint8_t i;
for (i=0;i<x:i++)
{
Delay1ms(100);

#define TIMECONST 5000 // Good 80 // it better at 400000

unsigned int Image=0;



unsigned char Recived[] = { 0x00,0x00,0x00,0x00,0x00,0x00,0x00,0x00,0x00,
0x00,0x00,0x00,0x00 };
It 1/

unsigned char reset[] = { 0xAA, 0x08, 0x01, 0x00, 0x00, 0xFF };

unsigned char sync [] = { 0xAA, 0x0D, 0x00, 0x00, 0x00, 0x00 };

unsigned char ack [] = { 0xAA, 0x0E, 0x0D, 0x02, 0x00, 0x00 };

unsigned char init [] = { 0xAA, 0x01, 0x00, 0x05, 0x03, 0x03 };

unsigned char snap [] = { 0xAA, 0x05, 0x01, 0x00, 0x00, 0x00 };

unsigned char getp [] = { 0xAA, 0x04, 0x01, 0x00, 0x00, 0x00 };

unsigned char ackl [] = {0xAA, 0x0E, 0x0A, 0x00, 0x00, 0x00 };

JHkRk Rk Rk ok ke kR Prototype function®/

static int uart_putchar(char ¢, FILE *stream);

static FILE uart str= FDEV_SETUP STREAM(uart_putchar,NULL,
_FDEV_SETUP_WRITE);

void Init_Serial(unsigned int baudrate);

/*'k*****************************USARTO putchar*/

static int uart_putchar(char ¢, FILE *stream)

{
if(c ="a") {
fputs(***ring*\n" stderr);
return 0;
}
if(c ="\n")

uart_putchar("\r',stream);

loop_until _bit_is_set(UCSROA,UDREQ);
UDRO=c¢;
return 0;

}

/**'k****************************USART transmit*/



void USART_Transmit(unsigned char data)

¢
while(!(UCSR1A & (1<<UDRE1)))

UDRI1 = data;
}

JEERF KRk R AR R Rk kR R A KKk KRR AR *[nitiaize UARTO*/
static void USART_Init0(unsigned int baud)
{
//SET baud rate
UBRROH=(unsigned char) (baud>>8);
UBRROL=(unsigned char) baud;
//Enable transmitter
UCSROB= 0x08;
//Set frame format: 8data,NonParity,1stop bit
UCSROC=0x86;
//Set address uart_str to stdout
stdout= &Luart_sir;

}

etk dod ko kR ok ko ok wx [ itiaize UART1*/
static void USART Imitl(unsigned int baud)

{

//SET baud rate

UBRR1H=(unsigned char) (baud>>8),
UBRRI1L=(unsigned char) baud;

//Enable receiver and transmitter

UCSR1B=0x18;

//Set frame format: 8data,NonParity,1stop bit

UCSR1C=0x86;



}

1

/!

unsigned char nartGetChar () // Channel 0 with ATMEGA128

{

unsigned char x;

}

I}

unsigned long timeout;
timeout = 0;
do {
timeout++;
if (timeout > TIMECQONST)
break;
} while (UCSR1A&(1<<RXC1)) == 0);

if (timeout < TIMECONST)

{
x =UDRI1;
// return 1;
H
return x;

void SendCommand (unsigned char *dat)

{

int i;
for (i = 0; i < 6;i++)
{
USART Transmit (dat[i]);

_delay_us (3);



/*

int wait_for_ack(unsigned char *dat)
{
unsigned int i=0;

unsigned long timeout = 0;

while (i < 6 & & (timeout++) < 40) // Comment 35 it ok..

{
Recived[i++]=uartGetChar();
//Recived[i]= rChar;
timeout = 0;
}
if (timeout < 40)
{
for (i=0;i<J, itt)
printf ("' %02x ",Recived[i]);
printf ("\n");
return 1;
}
return 0;
HH
[*

*/

.. sure for work

*f

int wait_for_pic(unsigned char *dat)
{

unsigned int i=0;

unsigned long timeout = 0;

/lunsigned char rChar;

while (i <12 && (timeout++) < 5000) // Comment 35 it ok..., sure for work

{

Recived[i++]=uartGetChar();



b
/*

//Recived[i]= rChar;
timeout = 0;
H
if (timeout < 40)
{
for(i=0;i<12; i+
printf (" %02x " ,Recived]i]);
printf ("\n");
return 1;
}

return 0;

int main(void)

{

i

MCUCR =0x80;
unsigned int loop, retry;
unsigned int rgb_size;

unsigned int complete = 0;

USART _Init0(8); /1115200
USART _Init1(8); /1115200
sei(); //enable interrupts

printf (""\nDigital Camera Poject\n");
for (retry = 0; retry < 3; retry-++)

H{

SendCommand (reset):

_delay_ms (10);

for (loop = 0; loop < 60; loop++)

{

*/



printf ("Sync Camera %d\n",loop);

SendCommand (sync);

// Camera accept about loop = 24

f/memset (Recived, 0, sizeof Recived);

if (wait_for_ack (Recived))

{
if (R cived[0] == 0xAA) && (Recived[1] == 0x0K))
break;

!

// if loop > 60 then camera not connect;
if (loop > 35)

printf (" Camera not Connect\n");

else
{
printf ("Camera connect now\n");
while (1)
{
/fsend ACK

complete = 0;

printf ("Send Command ACK\n");

SendCommand (ack);

/lget dummy byte

if (wait_for_ack (Recived))

{
if ((Recived[0] != 0xAA) & & (Recived[1] != 0x0E))
break;

}
printf ("Send Command init JPEG\n");



"

SendCommand (init);

if (wait_for_ack (Recived))

{
if ((Recived[0] != 0xAA) && (Recived[2] 1= 0x01))
break;

}

printf ("Send Command snap\n");

SendCommand (snap);

if (wait_for_ack (Recived))

{
if (Recived[0] != 0xAA) && (Recived[2] != 0x05))
break;

}

printf ("Send Command Get Picture\n");

SendCommand (getp);

if (wait_for_pic (Recived))

{
if (Recived[0] != 0xAA) && (Recived[2] != 0x04)
&&(Recived[6] != 0xAA) && (Recived[8] != 0x01))
break;

H

rgb_cize = Recived[11];

rgb_size<<=8;

rgb_size=rgh_size+Recived|{10];

rgb_size<<=8;

rgb_size=rgb_size+Recived{9];

printf ("\nIlmage Size = %d",rgb_size);

//after init camrea success just to return complete = 1;

complete = 1;



break;
}
if(complete){ // test loop
unsigned int y,z=0;
unsigned char *p _t;
y=0x2000;
while (z++ < 27000){
unsigned char pic;
pic =uartGetChar();
p_t = (unsigned char *)y;
*p_t = pic;
yt+s
1
3 //test loop

H /1 else

I } /l retry;
11}/ while(1)

#/ LCD NOKIA

LCD6100PwrUp();
LCD6100Init();
LCD6100SetRGB();
Delay100ms(10);
LCD6100TestPic();

return 0;
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General Description

The €328 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. 1t 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.

OV7640/8 Ov528 i, UART
VGA Image CZIZ Compression <::> Host

Sensor Engine
EEPROM
C328 camera module (Program)

Figure 1 — System block diagram
Features

\4

Smali 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 V.3A 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.

VVVVY

v

System Configuration

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

2. OV3528 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 YCbhCr 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 senal 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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Board Layout

<4— 20mm —Pp
RS-232 %
RS-232 Jgjneee EEPROM
N Heoeo
3.3V Tx Rx GND 28mm
ov7640/8 Qv528
v
Top View Bottom View

Figure 2 — C328-7640 board layout and serial intetface 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.

«4—— Single Byte Transmission —»

ueg
oug l
g
ond
£ g
v nd
9nd
Lng
doig

Figure 3 — RS-232 single byte timing diagram

2. Command Timing Diagram
A single command consists of 6 ¢._:tinuous single byte RS-232 transmissions. The following is

an example of SYNC (AAOD00G00000h} command.

44— SYNC Command —»

 AAh . ODh . 00h : 00h

" Single

Byte
Figure 4 — RS-232 SYNC command timing diagram
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The C328-7640 module supports total 11 commands for interfacing to host as following:

Command ID Number | Parameterl | Parameter? | Parameterd | Parameter4
Initial AAO0lh 00h Color Type Preview IPEG
Resolution Resolution
Get Picture AA04h Picture Type 00h 00h 00h
Snapshot AA05h Snapshot Type [ Skip Frame Skip Frame 00h
Low Byte High Byte
Set Package AA06h 08h Package Size | Package Size 00h
Size _ Low Byte High Byte
Set Baudrate AAO07h 1st Divider 2nd Divider 00h 00h
Reset AA08h Reset Type 00h 00h xxh*
Power Off AAQSh 00h 00h Q0h 00h
Data AAQAR Data Type | Length Byte 0 | Length Byte 1 | Length Byte 2
SYNC AAODhA 00h 00h 00h 00h
ACK AAQEh Command ID | ACK counter | 00h / Package | 00h / Package
ID Byte 0 ID Byte 1
NAK AAOQFh 00h NAK counter | Error Number 00h

Manual

* 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 Gih
4-bit Gray Scale 02h
8-bit Gray Scale 03h
12-bit Color "<h
16-bit Color 06h
JPEG 07h
1.2 Preview Resolution
80x60 Olh
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 0th
160x128 03h
320x240 05h
640x480 07h
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2.  Get Picture (AA04h)
The host gets a picture from C328-7640 by sending this command.

2.1 Picture Type

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

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

3.1 Snapshot Type

Compressed Picture 00h
Uncompressed Picture 0lh

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 BytcN
1D 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

Verify Code  -> Error detection code, equals to the lower byte of sum of the whole
package data except the verify code field. The higher byte of this code is
always zero. i.e. verify code = lowbyte(sum(byte[0] to byte[N-21))

Note; As the transmission of uncompressed image is not in package mode, it is not necessary to
set the package size for uncompressed image.
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6.1

8.1
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Set Baudrate (AAO7h)

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

Baudrate Divider
Baudrate = 14.7456MHz / 2 x (2nd Divider + 1) / 2 x (1st Divider + 1)

Baudrate 1* Divider 2" Divider | Baudrate 1¥ Divider | 2™ Divider

7200 bps fth 0lh 28800 bps 3fh 01h

9600 bps bfh 0th 38400 bps 2th 0lh

14400 bps 7th 0lh 57600 bps 1th 0lh

19200 bps 5th 0th 115200 bps Ofth Olh
Reset (AA08h)

The host reset C328-7640 by issuing this command.

Reset Type
“00h” resets the whole system. €328-7640 will reboot and reset all registers and state machines.
“01h” resets state machines only.

Power Off (AAO9M)

C328-7640 will go into sleep mode after receiving this command. SYNC command {AAODh)
must be sent to wake up C328-7640 for certain period until receiving ACK command from
C328-7640.

Data (AAOAh)
(C328-7640 issues this command for teiling the host the type and the size of the image data which
is ready for transmitting out to the host.

Data Type
Snapshot Picture Olh
Preview Picture Nh
JPEG Preview Picture 05h
Length

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

SYNC (AAODh)
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.



Components

o i =

;
-

ITM-G-328 manua

10, ACK (AAODEh)
This comrmand 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 desited package ID after recetving 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.

11.1 NAK Counter
No use.

11.2 Error Number

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

Picture Size Error Oah Send Command Error fth
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SEMICONDUCTOR®

LM317
3-Terminal Positive Adjustable Regulator

General Description Features

This monolithic integrated circuit is an adjustable 3-terminal W Output Current In Excess of 1.5A

positive voltage regulator designed to supply more than B Output Adjustable Between 1.2V and 37V

1.5A of load current with an output voltage _ad_]\_.lstable over B Internal ThermaM@xerB. Protection

a 1.2 to 37V. It employs internal current limiting, thermal e o

shut-down and safe area compensation. W Internal Short Circuit Current Limiting
W Output Transistor Safe Operating Area Compensation
W TO-220 Package
B D2 PAK Package

Ordering Code:

Product Number Package Operating Temperature
LM317T TO-220 0°C to +125°C
LM317D2TXM D2 PAK 0°C to +125°C

Connection Diagrams

TO-220 D2-PAK

s
1
1.Adj 2.Output 3. Input

1. Adj 2. Output 3. Input

Internal Block Diagram

Input [3} TS é

Voltage Protection
Reference Circuitry
Rlimit
4 2
Output
(1]
Adj

© 2005 Fairchild Semiconductor Corporation DS400281 www.fairchildsemi.com
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LM317

Absolute Maximum Ratings

Parameter Symbol Value Unit
Input-Output Voltage Differential V| <Vo 40 Vv
Lead Temperature TLeap 230 °C
Power Dissipation Pp Internaily limited w
Operating Junction Temperature Range T; 0~ +125 °C
Storage Temperature Range Tste -85 ~ +125 °C
Temperature Coefficient of Output Voltage AVlAT +0.02 % /°C

Note 1: Absolute Maximum Ratings: are those values beyond which the safety of the device cannot be guaranteed. The device should not be operated at
these limits. The parametric values defined in the Electrical Characteristics tables are not guarantesd at the absolute maximum ratings. The “Recommended
Operating Conditions” table will define the conditions for actual device operation.

Electrical Characteristic
(V) -Vo =5V, lg=05A,0°C < T, <+ 125°C, lpyax = 1.5A, Pppax = 20W, unless otherwise specified)

Parameter Symbol Conditions Min | Typ | Max Unit
Line Regulation (Note 2) Rine | Ty =+25°C _ 001 | 0.04 %V
VsV -V =40V
3V V- Vg s 40V - 0.02 | 007 %IV
Load Regulation (Note 2} Rload | T = +25%, 10mA s Ig < lyax
Vg <5V - 18.0 | 250 | mV%/Vg
Vgz 5V 0.4 0.5
10mA < lg < lyax
Vo <5V - 40.0 | 700 | mV%/Vq
Vo 2 5V 08 15
Adjustable Pin Current Iand - - 46.0 | 100 WA
Adjustable Pin Current Change Alppy |3V sV, - Vg s40V N L e N
10mA < lg < Iyax Pp € Pyax
Reference Voltage Vger |3V < Vin- Vg <40V
10mA < Ig S Iyax 120 | 125 | 130 Y
Pp < Pax
Temperature Stability 8Ty - — 07 - %1 Vo
Minimum Load Current to Maintain Regulation | I gany /i - Vig = 40V - 35 | 120 mA
Maximum Qutput Current lomax)y |Vi- Vo= 15Y, Pp < Puax 1.0 22
V|- Vo 540V, Pp < Pyax 0.3 - A
Ta=25°C
RMS Noise,% of Vour aN Ta=+25°C, 10HZ < f < 10KHz - 10003 ] 001 % I Vo
Ripple Rejection RR Vg = 10V, f= 120Hz without Cap, 66.0 | 60.0 - 4B
Capy = 10uF (Note 3) 75.0
Long-Term Stability, T = Tygn sT T, = +25°C for end point measurements, 1000HR | — 0.3 1.0 %
Thermal Resistance Junction to Case Rouc - - 5.0 - CIW

Note 2: Load and line regulation are specified at constant junction temperature. Change in Vp due to heating effects must be taken into account separately.
Pulse testing with low duty is used. (Pyay = 20S)

Note 3: CADJ, when used, is connected between the adjustment pin and ground.

www.fairchildsemi.com 2



National
Semiconductor

LM1117/LM1117I

The LM1117 is a series of low dropout voltage regulators
with a dropout of 1.2V at 800mA of load current. It has the
same pin-out as National Semiconductor’s industry standard
LM317.

The LM1117 is available in an adjustable version, which can
set the output voltage from 1.25V to 13.8V with only two
external resistors. In addition, it is also available in five fixed
voltages, 1.8V, 2.5V, 2.85V, 3.3V, and 5V.

The LM1117 offers current limiting and thermal shutdown. Its

circuit includes a zener trimmed bandgap reference to as-
sure output voitage accuracy to within +1%.

TO-220, and TO-252 D-PAK packages. A minimum of 10uF
tantalum capacitor is required at the output to improve the
transient response and stability.

800mA Low-Dropout Linear Regulator
General Description Features

The LM1117 series is available in LLP, TO-263, SOT-223, Applications

October 2002

Available in 1.8V, 2.5V, 2.85V, 3.3V, 5V, and Adjustable
Versions

Space Saving SOT-223 and LLP Packages

Current Limiting and Thermal Protection

Qutput Current 800mA
Line Regulation 0.2% (Max)
Load Regulation 0.4% (Max)
Temperature Range

— LM1117 0°'Cto 125°C
— LM11171 -40°C to 125°C

2.85V Model for SCSI-2 Active Termination
Post Reguiator for Switching DC/DC Converter
High Efficiency Linear Regulators

Battery Charger

Battery Powered Instrumentation

Typical Application

Active Terminator for SCSI-2 Bus

1100 W

;:[ 5.25V

‘[-W\_p o—1 N out
GND
4.75V T0 +|

LM1117-2.85
18 T0 27
! } LINES
1
1
: ' 1100
10 pF 22 uF
I I J
10091905

Fixed Output Regulator

LMT117-XX

Tantalum

l V'N i T
GND
1Q uf* 10 pf

T Tantaium

* Required if the regulator is located far from the power supply filter,

10091928

© 2002 National Semiconductor Corporation DS100919

www.national.com
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LM1117/LM11171

Ordering Information

Package Temperature Part Number Packaging Marking Transport Media NSC
Range Drawing
3-lead 0°C to +125°C LM1117*PX-ADJ NO3A Tape and Reel MPO4A
50T-223 LM1117MPX-1.8 N12A Tape and Reel
LM1117MPX-2.5 N13A Tape and Reel
LM1117MPX-2.85 NO4A Tape and Reel
LM1117MPX-3.3 NOSA Tape and Resl
LM1117MPX-5.0 NOBA Tape and Reel
—40°C to +125°C LM1117IMPX-AD.) NO3B Tape and Reel
LM1117IMPX-3.3 N0O5B Tape and Reel
LM1117IMPX-5.0 NO6B Tape and Ree!
3-lead TO-220 0°C to +125°C LM1117T-ADJ LM1117T-ADJ Rails TO3B
LM1117T-1.8 LM1117T-1.8 Rails
LM1#17T-2.5 LM11177-2.5 Rails
LM1117T7-2.85 LM1117T-2.85 Rails
LM11177-3.3 LM1117T-3.3 Rails
LM1117T-5.0 LM1117T-5.0 Rails
3-lead TO-252 0°C to +125°C LM1117DTX-ADJ LM1117DT-ADJ Tape and Reel TDO3B
LM1117DTX-1.8 LM1117DT-1.8 Tape and Reel
LM1117DTX-2.5 IM1117DT-2.5 Tape and Reel
LM1117DTX-2.85 LM1117DT-2.85 Tape and Reel
LM1117DTX-3.3 LM1117DT-3.3 Tape and Reel
LM1117DTX-5.0 LM1117DT-5.0 Tape and Reel
-40°C to +125°C LM1117!DTX-ADJ LM1117IDT-ADJ Tape and Reel
LM1117IDTX-3.3 LM1117IDT-3.3 Tape and Reel
LM1117IDTX-5.0 LM1117IDT-5.0 Tape and Reel
8-lead LLP 0°C to +125°C LM1117LLDX-ADJ 1117ADJ Tape and Resl LDCO8A
LM1117L.DX-1.8 1117-18 Tape and Reel
LM1117LDX-2.5 1117-25 Tape and Reel
LM1117LDX-2.85 1117-28 Tape and Reel
LM1117LDX-3.3 1117-33 Tape and Reel
LM1117LDX-5.0 1117-50 Tape and Reel
~-40°C to 125'C LM11171LDX-ADJ 11171AD Tape and Reel
LM1117ILDX-3.3 1117133 Tape and Reel!
LM1117ILDX-5.0 1117150 Tape and Reet
TO-263 0°C to +125°C LM1117SX-ADJ LM1117SADJ Tape and Reel TS3B
LM11175X-2.85 LM111752.85 Tape and Reel
LM11178X-3.3 LM111753.3 Tape and Rest
LM11178X-5.0 LM111785.0 Tape and Reel

www.national.com




Block Diagram

T 9—
— 1T T =S
ermal
Limit 'Y -
+
C‘D Current j >
Limit g
\I \I + ' - =¥ —t— I & l O Vour
Substrate
>
_ - i—W—ﬂ GND (FIXED QUTPUT)
we — == =0 ADJ. (ADJUSTABLE OUTPUT)
10091901
Connection Diagrams TO-263
SOT'ZZS INPUT
TAB IS
: VOL QuUTPUT
INPUT
=P
Tab i [ outpuT
Vour | 10091944
[ sos/onp Top View
10081904
Top View .
10091945
TO-220 Side View
Your [ ————— Ut
[ ————y0uTPUT LLP
| T ADJ/GND
1005 ADJUST NOT CONNECTED
Top View ™ Vour
Y ¥,
TO-252 " >
Yin Vour
I Input
10091946
hvb is ] output When using the LLP package
ot Pins 2, 3 & 4 must be connected together and
T saivomn Pins 5, 6 & 7 must be connected together
Top View
10091838
Top View

www.national.com
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UTRON

UT621024
128K X 8 BIT LOW POWER CMOS SRAM

FEATURES

Access time : 35/55/70ns (max.)
Low power consumption :
Operating . 60/50/40 mA (typical)
Standby : 2uA (typical) L-version
1uA (typical) LL-version

Single 5V power supply
All inputs and outputs TTL compatible
Fully static operation
Three state outputs
Data retention voltage : 2V (min.)
Package : 32-pin 600 mil PDIP

32-pin 450 mil SOP

32-pin 8mmx20mm TSOP-1

32-pin 8mmx13.4mm STSOP

GENERAL DESCRIPTION

The UT621024 is a 1,048,576-bit low power

CMOS static random access memory

organized as 131,072 words by 8 bits. It is

fabricated using high performance, high
reliability CMOS technology.

The UT621024 is designed for low power

application. It is particularly well suited for

battery back-up nonvolatile memory
application.

The UT621024 operates from a single 5V

power supply and all inputs and outputs are

fully TTL compatible.

PIN CONFIGURATION

FUNCTIONAL BLOCK DIAGRAM g
ne [0 3 [ vee
At6 Al6 E 2 3 [ A5
CE2
e L i ; % -
Voo ar [ s c A13
Al4 —p 8 [ | 6 27 : A8
A12 — g as [ = 3 % [ Ao
Ay W 1604 ROWE x 1024 COLUMNS z E 2 _'\_2 ;i g‘ 4;_:
6 - *—VSS a2 [ w S n [] a0
A5 —p Ml p anldew
a0 [ 1 vos
el ¢ ot [ :; ;I; 1 wor
1 7 woz [ u 9 ] wos
. 1 w3 [ | 18 oS5
]| ‘.L o P LMD ves [ 15 17 Vo4
i ; coNTROL | &
o8 4 COLUMNOECODER PDIP / SOP
CE1 ™™ To
C;; o (I O O O (g » [ 1oe
= _yfONTROL A0 A11 ADA3 A2 A1 AD ag [ 31 [ a0
EE A8 : 3 30 : CEl
OE ¥ aa [ 4 » {1 vos
Wwel ] s 8 [ vor
CE2 6 7 | wos
PIN DESCRIPTION (5 =g
Ol UTe21024 = 2
SYMBOL DESCRIPTION ne [ u [ vss
A0 - A16 Address Inputs a6 [ w n 1 o3
I/O1 - 1/O8 | Data Inputs/Outputs " E ! n ] o2
—— - 21
CEl .CE2 Chip enable 1,2 Inputs o 13 . % -
WE Wirite Enable Input A8 % i4 19 % A1
— AS 15 18 A2
OE Output Enable Input O A o e
Vee Power Supply
Vss Ground
NC No Connection TSOP-I/STSOP
UTRON TECHNOLOGY INC. P80036

1F, No. 11, R&D Rd. I, Science-Based Industrial Park, Hsinchu, Taiwan, R. O. C.
TEL: 886-3-5777882 FAX: 886-3-5777919
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UT621024

128K X 8 BIT LOW POWER CMOS SRAM

ABSOLUTE MAXIMUM RATINGS*

PARAMETER SYMBOL RATING UNIT
Terminal Voltage with Respect to Vss VTERM 0.5t0+7.0 v
Operating Temperature Ta Oto+70 C
Storage Temperature Ts1e 65 to +150 C
Power Dissipation Po 1 W
DC Qutput Current lout 50 mA
Soldering Temperature (under 10 sec) Tsoider 260 C

*Stresses greater than those listed under “Absolute Maximum Ratings” may cause permanent damage to the device. This
is a stress rating only and functional operation of the device or any other conditions above those indicated in the
operational sections of this specification is not implied. Exposure to the absolute maximum rating conditions for extended

period may affect device reliability.

TRUTH TABLE
MODE CEl | CE2 | OE | WE | VOOPERATION |SUPPLY CURRENT
Standby X L X | X High -Z A Neos
Output Disable L H H H High - Z lec
Read L H L H Doyt lec
Write L H X L DIN ICC

Note: H = ViH, L=V, X = Don't care.

DC ELECTRICAL CHARACTERISTICS (Vcc = 5Vt 10%, TA =0T to 70TC)

PARAMETER SYMBOL| TEST CONDITION MIN.[TYP.| MAX. JUNIT
Input High Voltage Vin 22| - |VectD.B| V
Input Low Voltage ViL -0.5| - 0.8 \'s
Input Leakage Current | I, Vss =Vin =Vcee -1 - 1 LA
Output Leakage Curren{ oL Vss Vo< Veo
CEl =Vjy or CE2=V,_or 1) - 1 uA
E =Viyor ﬁ =V
Output High Voltage Von low = - 1TMA 24| - - )
Output Low Voltage Voo lo.= 4mA - - 0.4 \
Average Operating lee Cycle time=min, 100% duty, -35f - | 60 100 mA
Power Supply Courrent CEl =V, CE2 =V, 55 - | 50 85 mA
o = 0OmA =701 - 40 70 mA
leen Cycle “me=1p5,100% duty,l,0=0mA
CEl £0.2V,CE2>=V_c-0.2V, - - 10 | mA
other pins at 0.2V or Vc-0.2V,
Standby Power Isg CEl =Viy orCE2 =V,
- - 3 A
Supply Current other pins at 0.2V or Ve-0.2V, m
Ise1 CEl 2 Vec-0.2V or -l - | 2 190
CE2<0.2V ‘g pA
other pins at 0.2V or Vee-0.2V, | - - 1 A
L) | 15+ [ F
*Those parameters are for reference only under 50°C
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