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Simulation of Object Motion Controlling inThree Dimension
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Abstract

This project was simulation modeling of video camera motion by studying about video
camera motion following with American football player in the field. This thesis indicated the
details of designing and constructing the motion controlling device, motor drive circuit, interface
circuit and programmable control for controlling the position of video camera in the American

football field.



REILY

Y0 1 unih
1.1 AnudAguaznu
[ o
1.2 ngszareAveslngeay
1.3 Y UUAUD91ATINY
1.4 33MIAuiuay
d‘ = v
NN 2 NQEYUasHNMs
9 dy 9y d
2.1 ANV DR UIBINDTAVUIU
[ I'd
2.2 ANHAULNINIENNUDINDIAVLIY
a 1 4 ) @
2.3 NIAAABDUDINDT AVUIUNUTE UL aUL I°C
UNN 3 MIauaenIsfiIuIu
3.1 AU
3.2 19957 1991w
3.3 NADII995
3.4 MISATUIN

UNN 4 MINAABILAZHANINAADY

Q/_giiay WP < J 1 @
4.1 ﬂ'lﬁ'ﬂﬂﬁﬂ\i‘ﬁ'lﬂ’ﬂﬂﬁuwu‘ﬁﬂ']ilﬁaﬂuuﬂﬁ\‘iﬂ']ﬂ?'mﬂ'lﬂﬁﬂg

1 v Y u 1 91
asousIdunulsua lddesey
a 1 [ 4
4.2 Tilsunsums@aaenueilnsal
4.3 BHURIRIADY
~ a s
N 5 unINssiazagy
5.1 agUwamsdginay
5.2 v lumsiinuuaznsud ly
5.3 wan lasuanmsmIngaanu
AMANUIN
AnAnIsuUsETMA

v A Y a
1S GRRENGN

27
27
28
29
31l
39

39
40
48
49
49
49
50



sty 3lomw

{ 4
3171 2-1 wesaaId

ﬂﬁ 92 mma‘lwmaﬂﬂimmummumuwaawuuua {0

ean

51l 23 uammsmamaaﬂmmmauaﬂwh"lvdmmmaﬂu

ﬂﬁ 2-4 UEAAIMIADFIATUNIY

17
Ui
17
)
)
31

Ui 2-11 N15IAVUBEATEAIFI TV T O 8591

g o

Qan

2-3 hlﬂ’f] SUATULTAITDIUE ﬁN‘]‘UHi«‘U‘U‘Uﬁ’ I C

ean
=).

2-6 5‘IJLL‘I_I‘]J‘U@WJ@%JI“IﬂiﬁumL@ﬂm‘iﬁﬂl@Q@ﬂﬂim‘Uui UV I C

ean
=h.

=3

2-7 iﬂu'uUﬂumﬂuauaﬂﬂumsmamu‘uu 7 Uaveeseuuya I'C

U

&ean
=h.

a

2-8 yUuvvvesdoyaildlumssredavy 10 fnvesszuva r'e -

U

Qan
=n.

4 [ ) o ol o 4 1 4
2-9 2995RNARAUITTUVT A I'C ¥94m s adumes i diFouaene TavLIy

ean
=

2-10 MIIAVIVDINFION 8574

=h.

ean

D

31N 2-12 Mwaz@adoyaniugumsinuvesiidon 8591

11 31 mnudaes

!

17 3-3 gUdhundsndes

Ui 3-4
4
g

a I'd
Msaduwmesie 1,2

Qo

3-2 s unThndes

QU

Qan
=n.

ean
=,

D

4 1 1 a @ 4
ﬂ'liL‘d]filllﬂ@izﬁ'l"l\'iﬂ?)u‘wmﬂ@{ﬂﬂ msmn{

Qan

ean
=2

a

4 J
MsAouUnoTHa 3

2aN
el

J o

¢
NIAVVUBDINDT

Qan
Es

@
LZ’IEJL’E]TV]’N%?’E]HLGI@SW\I’CT

ean
2

4 g T @ 4
LﬁfJL'l’]'W]'N‘t]ilﬂ’iﬁ\‘]"l]'lﬂllwua&")ﬂi]i‘lﬂlil'ﬂm@i

ean
2o

nihea lsunsunaaesnsaen

Qan
ax

51 wihaeTdsunsunaasmssuam

10
10
12
13
14
14

19
23
25
i
29
29
33
34
35
36
37
38
47
47



MIVYNI

A13190 2-1 UAAIADIULVBINIADUILAIADS

{ ~ 1 o
A13199 22 uerasnihivesaeldau lediues idew 8574
A1319% 3-1 uaraegas i lglunssiuananueruien

A159N4-1 HANITNARDY

31
39



a
Unn i

uni
1.1 anudinguaziin

Y d” o Uy o d?J o L) 4 n’/’ Y
Tuilsgiiudimalulagaeg Tdwanniumeswisanuazaninuuyyd Maluaw
4 . - - &g @ a <0
MIdoEs MIAVINANLAzYLEY luuIaanislied MsAnyl nIeudnszalulmsim o
Yt a 9 A [ aa = &
Tatimsaadulidseanfnyinisaiuguiagauuny 3 16 uaz@oullsunsuionauguns
& a o Yo a o 42’ =5 y aa & o q
waeunveddag lasldsraesauwensiuaueaiy lasiidagunundedinle aalnaesly
o 4 =) o o t o Yo Y 1Y ' £ '
3o’ uazlinmasisiuuaasdumiwesiag lagldaadumiuliuamla wazdely

Uszuranalunouiimos

v d
1.2 Iagilszasnvedlassnu

- = A = Yy g aa
121 dnwimsndeuiiiiuuuadunsswesing luuuaunu 3 §a
122 eadwwuasimisindouivesingaiuunu 3 A

123 wefnmms@oulsunsuienlugumisinasuiivesingluuuiunu 3 ia
1.3 vauavadlasany

afauvuiiaswaziesmsmugumsiiae  sawdams@ouTyUsunsuionluauns

4 4 v aa
lﬂﬁﬁluﬂ‘llﬂﬁ’lﬂiﬂuuﬂu 3ua

1.4 IsmIaiiuay

¢ ¢
141  319auq

| ¢ ¢ y o
114?\"11«!‘1'6\3g'lﬁﬂll'ﬁuuﬂigﬂﬂUﬂQUﬁu'luﬂﬂszﬂﬂ‘U?’sll'JULﬁ'l 4 g{u Llag‘quﬂ‘llﬂﬁﬂ'ﬂmﬂg
M i e ' e )
llﬁﬁﬂ')'lﬂﬂ']ﬂﬂ'\uﬂi‘l]ﬂ'lvlﬂ%\iﬂﬂ 2 AIUUABDIYDUAIUTIYNIU
1 o’:’ 8/ ag d
1“fT')u‘UEN'Ni)iuu‘l.]5$ﬂﬂUﬂ'JU'Ni)5‘ﬁiillﬁ1Ju NITVYWNTSLL Glu’.l\iiliﬂlﬂllﬂmﬂ'i

d a d ' 2 o (Y '
ﬂ'liﬂﬂulﬂi’)'ﬂﬂ’d lLﬁ%’Ni]iﬂ'lﬂi]'thl‘N %Q%ﬂi?ﬂﬂu‘l”ﬂuﬂﬂﬂﬁ



142  woWhuds

' 4 d’q’/" a a [ [~1 1 ]
Tudruvesrerasiuld lsunsudivawda Tavorauualdiu 2 diu Ao diw
YBIMIUAAINALALAINYEINIAILAY  TudiuveImsuaaIraziaasgiuduniudm
o [ [ o J [ Y] 1 a
SIS enuaazidy  wazauEvewemesuaazal  ludiuveamsaiuguldyadu

s S A A ' a o J J s o a %
lﬂﬂilﬂﬁﬂ'ﬁ ﬂlWﬂL‘lﬂ’Jﬂﬂﬂﬂ"lﬂﬂﬂlJW'Jlﬂﬂﬂﬂﬂﬂaﬁﬂlniuﬁ%ﬂ’lﬂ ﬁﬁﬂll')ﬂﬂﬂ\iﬂﬂﬂW?Lﬁﬂi



a
Unnz

nquiuaznanms

v & v d' o <J
mmgm’amumma‘uwmmum

y e ad o - e
msﬂszmawa%’agmﬁmmmuauuu musﬂﬂzé’faaumuﬂjaaammmauwm HIDD

2191729930528 unesmanuite fongluuudyanaduwa ldimunzaudy
4 Yoies a d 4 a i 1 a d a I4 o
msigeurefuneuiuaes edeyaduyagndudrigreniamesuds asuiunesaziing

[] Y [ ]

Yszinanadeyaii Idunmantulieglugluuyfimnzauneuiingdeoen ludanouensiiu
ol & d ! o At o & "4 A
gunsaliodina deervmdiumsdieenludisenin viedesenlddgaiieunsdun endu

d d 1
augilnsalioranade 1y
4 ' 1 a d o J q’,',’ 1 a
A151¥BNADTTUIIINBLIADINUYUNTBINIBUBNTNIAIU  YBDININDUHALASATA
g o 9y ad
1AKA annsaiil lAna1eds

A 1 [} d a o 2 aa = A a o’/’ 4 o &
n‘mumamumamiﬂaumaswlﬁ "‘lN’Jﬁﬂ'l'ilﬁﬂ‘ijﬂ‘i‘é)ﬂﬂﬁﬂﬂﬁﬂﬁﬂuﬁa’ﬂﬂﬂwclulﬂiﬂd

ADUNANDS
- WeudDHIUMENDIABYNSY
- IFRUABHIUMIINBS ALY

4 1 ] 4 [} I4
= L%nmamusznummgmﬁu WUWDIA USB

° =S - v d
M ludamenlinesauuiu

ey 9 Jd a d d'il a q’/’ (] A a d 9 4 a
dasunsl¥msadunaeinnandesfansegnislunissnouiunesudaInesavuull
Y
doldnlSouegnatslsznisdail
o a 4 a o 4 s 4 ]
- Tudwalasady mshidesneariniesnouiiuneseenuuitaidoumsaioudeaslu
d a 4 ° Y a s @ 1 & a y 9 3
adenvnsneuiamesernszldifannudomotududug vesneniuneild ddh
Fau lidanusungmusananisaedsesidanain
Y} Y o Yo a g ' y ' “s a '
- ludmmsinsuidsunenianesdaulne maieudelasldmiafuduunsluaion b

annsaldfunoufianes luilgiuldnngu

Q

=

3 o a df ~ a I3 P} Pt s A Voo A (] a d
- U99INANUN ABUWAADIUIUATOINNTAUUNIIATOUADAIDU BYLLAT DN N1TALTYY

o d . 9 14 d & 0o o = /1A a
m:wﬂumn L‘ﬂumu %u"lnmafmmaawaﬁmsumssﬁﬂummmmnmu



4 ' Jd o [ = [
- anvazannlunisldau madeusenianesavuiumusaniladieg fesneaio
o @ 4 [ @ o
SmiueunanfunouLinAes DB-25 YBINDIAYUIY
d A 9 s 'd P=1 I~ 1 @ a [ @
- anuEhlumsdemsdeyanuwesavuin danusamidunsAaseiussuulalaonss

uazlinnuis mnnNmsarnerunIaNesABYNIY

- P
ﬂ31“§lﬂ'ﬂ\‘]ﬂu‘uaﬂ‘w9§ﬂﬂu1u

vy

¢ Al ' ¢ £ a
WosavuU aunaiiideil iesninmsaeneadeyaveswesaiitluiuuvuiy s

Yszananaamlngaziiving 8 Ua

[y d
ANHAULTNINUNINUYDINDIAVHIY
A q vy & ° ¢ Y] L Y O — ) ' . ale
Weldihdsnistiemosavuiu lldau neududesiinnudiloneun Unanu
;1 a a @ o o 4 a 4 =4 o r'd
ASFIRURIWAUINABYRAMBS lUFames avu1y AUIRTOIRUW (SUINTYYIUNDIA data

1 o 4 a L4 q,: L. Y y o Y1 A 1
andevenldunsoeiun weuviadedaaas strobe oon lilfaame Idinse s u§NTins dede

LY

5 [} ~ q’;l a J [y 4 a o 4
yalnuune  data uf’a"mmuﬂanmmaswé’fmiamsmaunaummﬂ?mwnﬁuuﬁam?m

9

a d 9 @ A a4 1 & a do [ a o Y ] )
WUNISHINAYYIM busy "Hi?]LW'EJUE)ﬂ'J']Lﬂiﬂ\iWﬁJWUﬁvhJW'iﬂiJ'ﬂi]xi‘l_ﬂlﬁ]iallﬁ(lﬁu FUNTTTN
& a d v 4 9y

A A a Jd Y o 1 [ a d A ' Y =
UDIATDINUWNIDY LATDINUNISH I NAYY I ack ﬁd"lﬂmﬂauwamaimmmqm WIBUN

o

Y
yuya
o y &4

o [} [} a Lo, O 4 a dao @ 1
u6ﬂ%1ﬂﬁiym1mﬂﬁﬁ1”klﬂ?ﬁ?u1ﬁiyﬂ‘lﬁﬂﬂﬁﬂﬂﬂlﬂ?ﬂﬂW”WUﬂg{ﬂQﬁﬂﬂ]ﬂﬂm'ﬂu‘] 373U

o U o

vy A & a ddy ° y & ! Y o M CafY a da oy
AY LUDIVINATDINUNABININUIN 03 3 BUWAYAUAD TUVDYANNADUWIUAD T, WHNUBYA

LY

o vy ' Y vq
NIV Lmzmﬂuaummamﬂmmmmgﬂl‘v

'
o

HosavLUYBIRoNRuRei daundeveaniludn 3 wesaldun wesmerananimdh
ﬁdqi’fagamﬂﬂanﬁamaﬂﬂﬁqm?mﬁuﬁ WiosAOIANAT IS DTN Strobe LiAZReset
wosmouNAdIMIUAIIUAIA YN Acknowledge,busy Uagdayay1as Eror MnnTesun

Tmﬂﬂﬁwa{mumeammum‘lﬁﬁmUﬁﬂgtymacjﬁywm 17 1du awﬁ’mﬂpmmdwf{
wiiToanes 3 ﬁaﬂ'manmsﬁwmﬁaﬁy

1. woSamanadmmiudyanudoya 8 iduiisiaaed data adugu

2. wesmduwad UM MmITaIMZA1Y quInneueniiagaloiu 5 1y 1453a

193 STATUS lunisaaugu



d o ) o t W @ 4 =1 Y o E Y
3. wosmanadmsudedyanualugu lUdwginsalnouen legalunu 4 1duld

LY

aa Jd
39e1ABS control JUN1IAIVAY

a " w 4 9 a 9 3 1 a Y Y Pl [~
AITAAADNLUWDIAVUIUITABIUNTIIDNLUDALATT ﬂTLLﬁNQLL@ﬂLﬂSﬁW1%6130W:Lﬂu

SR

° [] ) a I~ Y 0 = =
G A0-A9 uaz 191 IOR waz 10W dwmsuilududenindeiniseIunseon 3

a d v asy 1 o q Y Yo A
ﬂﬁlﬂ@SQ')alﬂ ﬂ]ﬂﬂ]iﬂiﬂﬂll@ﬂmiﬁ A0-A9 ulﬂ@'ﬂ’]clﬁulﬂ fUiU"Imf‘)'E]ﬂiJ"ll'W@ulﬂﬂ'JUﬂiJ

o o Q

A4 o a Y d @ dy
nseduulaNITidivesmeq Al
Datawrite dyanaduniadmivihdeyanegluliad Data Tioeniivl Data

¢
VBINDIAVUTU

o

ane BN LYK L4 =1
Dataread tyiymammaﬁmmmm’f@yjamnﬂn Data UBINDIAVUIUUUNY

"H“lu {/d Data

a a Y

Controlwrite  dgygadundadmsvideyaneglulia Daa lieennan
. Y

7] y

¢ Y & o AR . ¢
Control UBDINBIAUVUIU ﬁ‘n’i5”W@5ﬂﬁuaﬂﬂ']ﬂ‘llzﬁqq.l@ﬂa@ﬂﬂulﬂt]ﬂwaiﬂﬂlu'\ullfs{'z]

(i Y o a a do (o a @ o Pl a oy
gaivinouuiamsdumes sUavesnslasulasdyaiunnese Status 9naY
a a ° @ 1 ' o o
Controlread Fayg1dundadmive uA1aya N1 Control 1Ay 13 luile
Data
@ i P=% a o @ [ T Y J g i
Statusread AQYYIUOUUTATIMIVOIUAITOYANINUVINOTA status WuAD 13U

Ud Data



¢ v
naInaI

TrRINasATUIY

U® Data 194 /

ROV

Data Write

Ladch

7415374 |23 appny

L 1 )

28.2.99.0.0 ?J‘/

Data Read

51/ 2-1 wosa M

1151 uerasliiiudimesan@ (Data Port) 1sznonli@zeivives 1 d2 uasled
gt % A a Y () a o a £ o a 4 o
uaadon 1 A7 WeasuR AT NMIAIToya nouRuaes wiloudoyaliiloduand 1 d2
& a ¢ =t ¢ A £ 2T o ol %
e 8 Ua widnaveslefuand 1 Aie DO-D7 Fuerdwailes lilsingeginesavuulu
Aunuau12 899
o ol Qa/ o o 1 e v & 4 1 J
dmiuiviesdmiunowmdeyanduldunues 745244  Fadledvemsoumn
= 1 [ A =y o o o
AowuHiaans 9 dedayna DataRead ponuuedwIdalo® 7415244 dmSunesauuuy
I'd 9/ q 9 A gty J [l o’: 't o [y d A
YIATTIU NOsA DATA desldiemsdeniopnoianaminiu uddmiunesauuuniins
Jotsanafiamie aunsagmAnNesa Data 18d8 udneufiezeuddesirBiouedies

: ¥
fostounenayaliiidaoin “I"imuaneu



d
wosanauinga

DB25 = saamaf  fdnay Aaumdage

[runa S MEANAITNANY

1 Control | Out co STROBE | uanviW"0"derraanlineuandaniun
AT AUAY
2-9 Data Out D1-D8 | DATA1-DATA8 | dwiLmafnruiuinmgiangiil

o 9 o, 9 (e e
Vl’]HHWV]i“\]‘IJ’ﬂHﬂWI’]lAUﬁ’]H?U

o -31., 1 - vy
tlaqiiuniifudayadunn lison

10 Status In 6 nACK Fluwadaaan” 0" NgnaniATed

Auinauandn iiudeyandaluuda

11 Status In S7 BUSY Whudoynyn L aunannLA eI
flalinfaniudays

12 Status In S5 PE USINTEAUNA

13 Status In sS4 SELECT uﬁqdﬁtﬂ%qﬁuﬁﬁﬂﬂq

14 Control | Out C1 AUTO FEET dalASaeRniaauioia

15 Status In S3 ERROR é’rurmmmmﬂ?'mﬁuﬁmﬁq

ANRaInaFNa LaAdTaRANANIASTA

ANTANN
16 Control | Out c2 INIT TumaATanuninaliaalan 0"
= 5T F T
17 Control In c3 SELECT-IN | sefryrurnelilfianfasinminanda

v
(g 7/ al

RN TR ANIATANANNLATEN

18-25 GND 96

M40 2-1 HAAIAOIULVBINNBUUAIND S

o s/ o a 4 A a J = =1 J 4
No3A Control IHMMTUABLNIAABSAIVAWATOINUN 9INANT N 2-1 LM UNHBSA
9 a 4 a 4 [ A a d 1 a A a a o (d
augy Useneuldfedaeidne 4 Uandesenlifuniosiud daudeduniadunesin

' [ o d aa 14 o I8 [ 19
Tai'ldgnaveentl widneveanesanILRUIBUIIBS MBS ULLABAMAWBSArDIIWBER Y

E4

Tagiornamailazgayadd 13dedadumiusi 4.7 AlaTowy dmfuda €2 szsmdunes

wasneresh lfiodyavesda 2 lilimsnduaaiuzasin



' ' o v o < 4 2
anuzvewesanuguamnsuandy 14 Tasms IdiWiesives 7418240 Fued
WAYDY 74LS240 Tduneimeiognielu vldanswmldassiudindsesnly msnuquas
suazi@oudeyatunesa aiugu nowRumesezdedeyafivn  Control write 1A% Control

Read

€

A ¢ ¢ < ¢ o v
Lu@ﬁﬂ']ﬂm']ﬁﬂﬂq]@qwgiﬂ Control Lﬂullﬂﬂﬂﬂﬁmﬂ!ﬁﬂilﬂﬂ ﬂ\?““éﬁ‘lﬁ’]ﬂﬁ’lﬂ’]iﬂiﬂf

R.

-4 dy U ¥ - a 9 1 :{ v J 9 ) 9 o
W@iﬂuiuﬂﬁﬁﬂuﬂ']ﬁfgﬂlu'lmﬂuﬂﬁ‘ﬂ'lﬂﬂ”lﬂuﬂﬂhlﬂ Iﬂﬂﬂmﬂmﬂzfﬂuﬂ?%&,’ﬂﬁlﬂ%’lﬂﬁﬂﬂ‘}‘miﬂﬂ

9/ U 1 A o a U
ADINITDIUAINADIN “17HenNDU

WesAuaRIAD MY HIBNBINEART (Status)
o [ TR | a gq 9 o [ { 1 A
wosamafRa (Status) Wunwesafinouiauaes IgdimsunseumdauzaInmnses
y [
#unl sz daunaldihdndansegimua 5 doyanu defunasszSonseidu $3,54,85,56 uay

é g Q’J‘ o L) \ ¥ aQ Q'l o o/ a
S7 cmmmmuunmﬂﬁaﬂumuqummmmmﬁma‘lu?%ﬁma%' Status HHIBY dINIUUA S 7

= K]
P

A 9 1 a A o/ ] 9/ (K] a o 14
WUUDUANANIINUADUG N mﬁmutymﬂwﬂmﬂuanﬁumm,ti’ﬁ"mz'lnmuaunasmas lu

H (1 b4
a A LY

1 = L4 o A 1 a ol é
YUSNVIBUN N’Iuﬂunﬂﬁﬂﬂi{ﬂﬁﬁﬁﬂ muuma%gamumﬂmauwﬁ'lﬂﬂa 7415240 99

)%

e

v v
mayatimsnduaouzilide 87 dudaferimsnduaauzuenninilumsidaud
Qs a v | cg ° 1
foamsldimsadedyonadumesflannveuniiueesyn S6 aunsafivuanildon

WBsAControl 1104

msthwesavinuliflfau
o [ o sy o d a a 4 o
dmuwesavumuuuanasg e Jldeuamisotimesaduna 5 danosaweidne 4
a ¢ 7 a a ¥ a' a ¢ e A ¢
i uazwesaodyadn 8 da llFuldlasess Tash 4 davesmeiaedyansonasa
b4 9
Control  tusmnsadautlasIflFoudunesadunevunn 4 dalddodaniudldois

annsothdyanunanesavuuidunds 17 duldldaulumsaiuguiseldszau

oy TTL



a 1 J [y LY 2
AMIAALABNDIAVYHIU AUITUUUaUUY I'C

1> C 8911910 Inter-IC Communication Hieds msaadedeasseningled Iasdia

—

P ¢ fegasaminondnde aeemslvledlugaaunsndndedsiuuazaiuguaeldae
o/ Iy Y =3 é s aQ ‘:' o
wanaudies 2 @y dunilsiemedoya Snidunilsioamodygnaunitninldlumsdmun

famazmsTen mesesufuvesginsaivuta re vhlddwun Mesdomedoyauazais

v o

Faanaunnvesglnssiudazivuiunioneiulddumsfimuateansansediumis

[ e7]

o o a 1

dwmiuAadoginsalurazd sz ldsiadeyauazmsfmuamanzasiniviueamsayed
e o
gilnsaiudaza?
kY o 2 ad o {] ' kY A 1
medeyauu fa I'c TFeSendrauiiunieimsi aedoyaeynsy vie SDA dau
medygunindyeiSon aedygnuuiniiifeSondt dedyyinuRnIeynIy 13D

Y Y
scL lumsotunode luiee Sonmedyauyiaaeedl g SDA 1agSCL

gamauiinlaendldvesiar'c
a8 SDA wae SCL lumedyana 2 Aemie desiinmsasdaduniuyasfuus s
9 A 9 P=1 a a [r=1 a 1 g/ : @ 1
+5v Vaaeanm weldmelicouzoeingaluvash hiims@adeldau sdagelums
) s v
flosfudaanasuniunionsiidunlumedyanusisaes 1wase1dyAvegnseifidoagu

o 2 9 s o A d o a =
o 'C feaiidnuazifiursesiasuidla nionsamnmesitla Awaasseazdenlugiii 2 - 2

+5V

A

SDA (Serial Data line)

SCL (Serial Clock line)

DATA
IN

. o o o~ o
aunsal IXC U f37 1 aunsal 2C 171 daf 2

g1t 2 -2 mdelfnugunsalrim ddwmuyasuulia 'c



10

dasimsaeneadeyauuia I'C gede 100 Alatiadoduin Tulnualng uazgads

a ok - d St ' o 2 YA
400 AladareduriluTnuanusige gilnsaindesueguutia I°'C vzApaiimnnuy Il

a K

P 4 ' " a a o Y =2 o @ b v
FAUNAAVUIZTUINAEY SDA 1ng SCL ‘l‘lJLﬂu 400 Wiﬂi’hiﬂ mmnmqﬂmamuua I'G Gl,‘b'

Q11 8):

Y Y A a A a
ﬂTiHJ'mQ‘U?JlJﬁvlﬂ 21UV AB 7 YA ¥IB 10 UA

A & o 5 4 ' o g Voo i ey
Joiaudnlsemsnilavestia I'c Aeawsaouaoginsainld IWides luminuld
a 1 4 o 3 o v 4 t:y (e @
aunsofaaedemsiuld lasglnsaluuta e dmisonaz1d Ii@es +5v Tuvuzdnda
& Y t:y J [ Y 2 o by [ a Y aa
wildldld@es +12v  mseesiufuuulia I'c aunsonszildludnvaz@odiunsdi
e’z d” [ 1 1 @l @
gilnsalnsaeald Iiidvamiiiu nanfe Iidedis SDA uaz SCL vesgilnssiuaazdndday
Aulazdnsnodadunuyasy Uy +5 V idue

aaaaslugii 2-3

+<5)V +?TV +12V +12V
| I T
[ gunsal 12C 17 aunsal 1I2C 1 funsal 12C Ux gunsal 12C 17n
RP3 IRe TUA NMOS Tiin BICMOS ¥ia CMOS ¥l BIPOLAR
SDA l | | 0
SCL '

: ; ; : 0 4
517 2-3 urasmsendegilnsatmeneniily Ini@eemiaiy
lunsaineniiusedu Insznavualvnadzdudanlutie fc A Sba uaz scL
d 3 Y 1w o ' U 1 (%
ypagilnsalufnzAidesndadunuoYNI AU SDA uag SCL 36091 RS neudoigid

I'c fauaaslugili 2-4 nannsvesia 1'C

ot+5V T+5V
Ros 3Rp| IC IC
Rs 2 Rs é Rs 2 Rs é
SDA
SCL

31U 2-4 yrasmsaedamumuetloanlvnszwn



11

Y 2 o v J g
e I'c dszneudrvmodaana 2 iduasi ldnatinudafie SDA wag SCL gunsnin

14
v KX Y A °

dovuutaawsailldmnineg duiulsdedimssmuagluuvvesmsaadouutia 1o

v

P=% 1 4 9 1 L a [ kY (] o o LY
Fon Tdslanea el ldaunnun vugilglnsalleaadenuey uazgUnsaladlatlud
[ A @t ' ::y a o Y A a S [} @ 2 &
SunSedads aoldfvzvesfinudnyue v uazdewvesgunsaifaeeguulia I'C 1Wo

v [l
Wudoanasiiugiunsunazeiuemsninuvesia °'c as 1)
S 9 [ =

o 9 A Y = [ @,y s 9 kY 1
gunsainidludaisdeyaviodsdoyaondn dade gunsaindudivveya Sonmn

U

'
1%

@ J o q’;l o o @ o o S g o @
d15u Tugunseivua r'c awnsadiuldvisdiisunazddeunegdnssidhmihidudsy

= ' = (=1 °d o 2 b kY s g @ [l =% (] =y g4 o Y
feseiaded vz lufiginsal lauuda I'c imihndudiduisisdiane ginsainiimin
= o a 1 a 2 = 1 o S A S ]
auguitmIzmsAnseuulld I'C 5en1 a3 gunsaingnaluaunseglnsaiinenis
$h luwie I°'c Senaiad
faf1mua 2 Ysemsdnguesmsaaaeuulia I'C fio
1 9 a dgl al.ﬂ' C% 1 1 .;’,’
1. msoeneadeyaszinadu ldideaauniiy
1 { 9/ & < =i = I~ a 9y
2. luszwiemsmionesdeya Welanmunae SCL Uaouziuasings aove
9 @ £y 9 [} Y a Py 4? g a 3 @ & a 4? Yo
yodossnndeyald e lfifansulfoumlacdtudana sy dygnauiifeiueelasy
< @
msudannurineiudyaianluguuny

& a d? o 2. 'y [
ANNMCVNAVUUUUT T'C UAWYAU 5 TN

b4 .
@ 1w

o B f e a 4 4 a < a
1. Taan anneiifaduiieaoiuzasinuuaiy SDA uaz SCL (uaoInganiag 1

v

ks Y
WA Myneneadeyaasasuduiula
A ' 9 LA P=t = o a
2. Guminoneadeya Wadwiipais SDA finmsulasundasszdvasinnngsy
. ] [ v t4 Q
a1 Tuvaiziany SCL fimnuzasings Sonanrizinaduiii anzisudu
' y = 4 4 = 4 Gios
3. ngamsawneadoya Maduiioaiy SDA Inmsulasuuasszavasinnngsly

' [ [ b4 t4
1 Tuamegiiae SCL fanwzanings Gunanzitfiaduiia aa1iznya

' . v
o 1 a g

v v
4. $euasiseeduuta anziifavudannanizsudy lasaoiuzasinnnaay

U U
dAM v A o 1 & a a
uua1e SDA nfedeyaniiimsaienea ey SCL uaeings aamziiaw
v o & v oYY o o A it

SDA @esnsi eldgUnsaisuiveyaludmaziun dhu “o"w3e “1” Jeynen
a { P=1 [ a o‘ A o 4

wamswavuadldluvasiiane scL Wuasind1 uadiolafaundoanmsiv
a 1 [} d a { 4 [ pat
anstoneadeyasi1aeuysal 101420INTNIV1 SDA AosniinaeArIIaIi
@ SCL faouzasings manamslasuuilasaouzasinluyusiany SCL

v

a (XY d . I o 1
fiandngeagiiu ginsalnamesnihimsntugunsaisneadeyaszulaniu

U q



12

. ] 9
nnguannznganseanzsududld hilddeyafivhnmsdeneaiuia

a £
ATTUNANTIAYU

o a J Qs { \ o 1 o v aQ 5’ A
5. fuideya MedundsnniimisdieneadoyanindrdandedasuRaiueda

auysel Tnedadeezinisdedeyain 1 Gasud Tanmezduaeings ndennds

v 9

L § o * L a A U 4
Yoymnasudu dagunsalnmmesiimsdedayanasuifireFaduiug

v o a 9/ Y

Audaaunim tessuaussdasudAdaunnndids nedudsusdedasy

¥l Ay Y s o 3y X a 1 A o @ a 1
INUANTUSAVINATIUUU T Qﬂﬂimﬁmﬂ‘ﬂgﬂﬂﬁﬂﬂuﬂ”ﬁﬁﬂﬁ'ﬁ]ﬁiﬂﬂ"lﬁﬂﬁﬂﬂi‘)

v 9

' d g Yy a 4 v 'Yy Y ' %
sglusnsiufzaduiiadufinensuausslinsiuildSudoyalundas 1ud
oy 14 v

Feudvsudn

Tugiln 2-5 Wi leesunsunarfivaasismsifaanigdequuiia r°c laidee

Wuanezdahs, Gudu, seveadeya , fuf uazngamsdeneadeya

SDA afagusan *1* i o° SDA wiigusan 0" i1
Tuvous® scL v "1 TR st scL du 1t TAn
qNIEHAY fn1zugA

SDA - - S ety ey e 2 e

- “d - -
SDA u "1 SDA adiinaesn *1° SDA nsfifiaedn 0"
sCL it luvnsdi scL 1 fedh Wi SCL dur fodlu
snmzalaidng msdionaatays "1 mMsaiEnsnToys 0”

31 2-5 lnasunsauans@nuzsine quuszLLLTa I'C

nsviauuulia I’'c

1 ~ A 9 U 9/ 1 o1 a U L% 9 P=1 9/ P
ﬂE]u‘VI%2,’L’iiJﬁ'Llﬂﬁﬂ’lﬂ‘i’l@ﬂilﬂiql}ﬁigﬁ’l'lﬁqﬂﬂiﬂlﬂ'N"']‘VIﬂ?JE)Q‘]JuUET ABDIUNITDINON

b4
iworou Tnsmsdsdegilnsaluutia Fetfuse 1dmsdedauny 7 Savse 10 Ta lunsdinid
o 1 1 o [] 8 Yy XK a da 19 1 (] o
gunssideaguuiialannldms msdwiawuy 7 dafifisane uddiigunsalresduuson
1 o 9 $% 9l g a o aa [ = i | Y] Y

nnd1 127 ueainsea $ududeslFnsdnteuvy 10 fin ndanniidadegunsolusas #1850
foouds NeziFudumsneneadeyaiudelul

[ q’: LY o W [ VY o o/ 2 A = d 1 Y

aniuilvhdglududuusnvesmshauuuia I'c Aemsdrafeginsalidazda

t dy a a gy X n’:
Ae lUHezeTeseazBeaventsd et 2 sluuy



13

{in 7 {in 6 iR 5 {in 4 1R 3 {im 2 {in 1 {im 0

A2 Al AO R/W

s o AN UUALBALATH
e—— dadvunuanmnsanai—> <— =~

Tdsunsula

! ° d LY
Ui 2-6 gluvvvesdeyaimuaeamsavesgilnsaluuszuTa I'C

<

n19a19fsuUY 7 9m (7-bit addressing)
X
a

)%

e _da o a 9y oA g = v & o
faysludusniiinaundiainsniasGusiupe fayanldlunsdretagiinsndn
rasnsinsavie dTayaiuunuaninss TaeflgUuuuuancdusii 2-6 Tu 7 dnuusauns
iin MSB daeziflufayauasnsaresginsniaaniisiasnisiinsie lnawiaiuintiinun

Ai i 8 o - d. ¥ :J’ 7 ) o °
ueALAsAAY (fixed address bit) A1u3w 4 1in Fedayaugilnsalusiazsiaazgnnivuauiann
guan Liaunsau/feuudawilald daungn 3 Tadulinimusuesiasaiigaiunsa

Tulsunsulél (programmable address bit) Weldnusiasinungatuzananliunan A0-A2
sasginsafnfinisidensiautunia I'c dauludia LSB dudafildfmuamssunsedouds
v ¥
yafvugUnsaiaandniug winda LSB W “0” nunefedesmsi@oudeyalilfgunsaliiu
duilu 17 sgdfumseudoyannginsalaman
9 Lo A Y L4 1 v ° Y
Joyaluluddeintio Joyaniugu (control byte) Tugilnsaiudaziiimsdmuade
pu [ [ Y (] = d AY P 9o Firsiem a
yamuquinandniuly sndiei ledvnewesalidoyaniuguinldsmuah daladusu
#a Taladhuedna luvusiiled ADC/DAC Rosmsdeyanuquiiesmualivaudiu
2995 ADC 1130 DAC (fludu
9y [ Cd] =} Y P ° v a
yoyaluluddeunie Yeyaiiimsaienensss (data)
[ oo U 9 o J 4 PR Yo a ti5- gl
naannninsaeneadeyaluudas lud gilasaiamni 1dTumsandedes
L :
defyanusuneunduideynass e Tinszuaumsmsaeneadeyadinsansoduiiy

J { a 4 = 1 L4
ae' 1114 Tugil 2-7 uermsgtuundeyasynsuinifatiulumsdndeuuta 'c vasnséds

WUy 7 U4



14

L o
Foyalunn 1 Founludn 2
({RanuoaLa:
gunqdﬁﬁm:“?e’j‘ AT oysAILANNTS
fo TU0ERIN NTACAD . mqwmmednsm Jourluddal! (n lud)
uazgmisminulunag f { SouReTanRY i
AdansAndenio TOYRITINADINSAENDA

AnAa (B1uuTaFou)

control word
[ dusiu | A6-A0  [RAW=0[ 5uf | C6-CO | RW [ 5o ] D7-D0 EEE |
funsingunsainaiivinnsAndeag sssngunsalradiinmsAndeday

31 2-7 gl uve sdeyaiildlumsdredauuy 7 Snvesszuuia I'C

Sl Younludn 3 i 3
*4_ E'anng-:sinﬁquuu 10 UR _’{ ~mm'luau 2 «““’“""’U"“ mnga'l{:::a‘ld
(YouRAD 11110xx Tar xx An l ToyAUDALASK l I msi I ‘ = Y ,’
Dausaast 2 inuu) 8 IRfa 'm:qdnsmn:u:ms ﬁeﬁ;,‘:’:::m“
RARDUTD conl word
= = 1 —
me [ 111104048 |R/W=0[ss]  A7-a0 I;UE] C6-c0 | RW |s]  D7-DO ‘;u;|“un
i L]
mu'cﬂnm]nimumﬂ T_ﬂ'w-wmnﬂnmiumﬂ l
AvnisAndafay Fvnsandamy

i 2-8 iﬂsmwmmanaf‘ﬂ%‘lumsmmumn 10 Ipvesszuuia I'C

Yy K a
n1381989uu 10 Ta
= & o Y v A o a T Ay
Tumsetaunil fneldyluuudoyaoynsuiimilousuuuy 7 ia minudiide
P 3 9 Y 11 s o a 20y Fuf o Y _ a
yauAsIuuiandes Tasludeyaludusandsnnfadnizisudu destmuald 5 davu
fidoyaidiu 11110 daudn 2 Dadanihidausamsavesginalfidosnsansde luiia LSB
9/ s [ ° R ' At o o o o
yoevoya ludusndenuiiumsfmuadl desnmseumse@eudeyafugnsalaandn
aciy 1 Il ~ a 1
FesmsAndedin Yoy luddesndudeyaueamsaluludh 2 vesginsaindesmsfnde
@ [ n’/‘ =3 a A a ¢
aav doya luddalufuiludeyanugu doyandsnniunzidiudeyasisildlunmsaade
R [ g X a [ 1 Yy J 9 a 4
wuReanuMse et 7 Ja ndennaeneadeyansunn lud Avelianzud
} 4 v i3
Aty welinszurumsdieneadeyamunsaduiiude 1118 Tugii 2-8 uaasgiuondoya

y K a
BYUNTUYBINTID ALY 10 U@



15

ginsaifldlumsifendenuuiia 'c

ad o A

U L4 -y ~ A' 3 4 v
Tuilegiusla r'c Iasuanuilsuiumniiusess aredoandaeune ldmedygy s

o o

4

(s 2 dhuintu Lmzm‘mmai:uummuﬁﬁ*ﬁm’mﬁuwmL’mﬁwmmzm‘hﬂﬂmu%ﬁmﬂ
aunsaildieiudeszuta ie deihusuiisedaunsalnesildlunseudeuny
e I'c Lﬁﬂﬁumﬂmmmﬂmﬂéwﬁﬁ afidetadelui
Toduenenosaduna @A (VO expander) : PCF 8574, PCF 8582 , PCF 8584
To@wniiren 1 19OWI BUOYNIY (Serial EEPROM) : 24Cxx , PCF8570 , PCF 72/73 ,
PCF8582
1o ADC/DAC : PCF8591
lod3alminden (Real-time clock:RTC) : PCF8583 , PCF8593 , PCF8598 , 41T56C
lo@4v LCD Tuga (LCD driver) : PCF 8466 , PCF8576 , PCF8577/78 , PCF8579
loFfiuiindaya e DTMF (DTMF generator) : PCD 3311/12

1 < Y e < 1 é a I3
nsaegnsalszuulia I'C NuwesavinurIunsadme It
& 9 o (4 a v W Sala A 1 Qs 2
e Iianedyanaussesavuuamnsafndenuginsainiimsiyeudediuiia 'c
v v A% s & AR LB N o ¢
wdesadnnesdeudevinadniuiie lfiodnanzdndeiiunoadnnesiila
N uFa@es Q001 uaz Q002 IasumstasesIiiidnyauzitiulsesiiivesuuunea
Bnwesdamudemnuavenismidyavesia I'C Tav Qo1 l¥dmSudoneadaya
] b4
yosae SDA Tusmezi Q002 IddmSuaeneadyanuuesaio SDA TWidosunsisesie
< v a 2 /9 QY Y =
+5v Seansaldmsudmass NPN uuumias g uwes lan 14 Amisonsudussnauiqe

gada 100 kHz



16

O +5V
27K O g
» SDA
10K (2
co o AN~ @)
3.3K Q2 %
S7 o 56
. 27K Q
¥ = § P SCL
10K €2
C1 o ANA— @)
33K Q)

v []
=

A S U 2 g A d A' v d
51 2-9299sFendeusTuLTa I'C YvosmsnadumesiHaFonnona sAYINY
) 12 d A 4 A ' g Yo = 9 ¥ v W ¢
dmumindumesmadoudonasavinu 1dsawsontsssdmSudetuginsaiuu
@ A 4 1 1 LY L]

seuuita 'c Hidouda doyavesmeuiameszaieneageais SDA  ¥oetia I°'C Aun19

o 1 a Jd 1 [ a 1 5
co uazfudeyaingaouiame saie S7 diudygnuiRnezgndiesnuiniee C1 e

o ) o A [l % a o

Jume scL dmuszuuiia I°'C #1995 ludau I°C Tavosssmindumesme uansdagy
2-9



17

= d' v LY 1 ° oA 2
matveuldsunsueaadyanaenagdmsula I'C
A Y v ~ 3y [ g a v v W 2 9/ 4 X 9 ~
e ldedemsSenldan dsiumsaadenule I°'C Tasldwosavuiudan sy
1 v
Tusunsudoamoadiean1izmey vesszuutia I°C feli lusunsudoealndiene 11
deya1ad START
Private Sub I12CStart()
Out &H37A, Inp(&H37A) Or 1 'SDA=1
Out &H37A, Inp(&H37A) Or 2 'SCL=1
Out &H37A, Inp(&H37A) And &HFE 'SDA=0
Out &H37A, Inp(&H37A) And &HFD 'SCL=0
End Sub

deyeye STOP

Private Sub I2CStop()

Out &H37A, Inp(&H37A) And &HFE 'SDA=0
- Out &H37A, Inp(&H37A) Or 2 'SCL=1

Out &H37A, Inp(&H37A) Or 1 'SDA=1

End Sub

Yoyanedn “0”

Private Sub Send0()

Out &H37A, Inp(&H37A) And &HFE 'SDA=0
Out &H37A, Inp(&H37A) Or 2 'SCL=1

Out &H37A, Inp(&H37A) And &HFD 'SCL=0
End Sub

Joyaaedn “1”7

Private Sub Send1()

Out &H37A, Inp(&H37A) Or 1 'SDA=1

Out &H37A, Inp(&H37A) Or2  'SCL=1

Out &H37A, Inp(&H37A) And &HFD 'SCL=0
End Sub
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”zuuf,ym Acknownledge

Private Sub Ack()

Out &H37A, Inp(&H37A) Or 1 'SDA=1

Out &H37A, Inp(&H37A) Or2 'SCL=1

Out &H37A, Inp(&H37A) And &HFD 'SCL=0

End Sub
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Private Sub Send8BIT(Add As Integer)
ForI=7 To 0O Step -1 'Loop 7 Cycle
If (Add And 2~ 1)=2~1Then 'TestBit0OR 1
Call Sendl
Else
Call Send0
End If
Next I

End Sub
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4.2 msaaaenuNaIAdstazeIf uMutlaundy

1.

fadefuenesinR 1 Tk M IC PCF8951 i Address &H44
el =V1-R1

Up1=27*el

Uil = Uit +0.1*(0.5 * (e1 + ept) *0.001)
epl=et

X1 =Up1 + Ui1

Viout =0.5* (X1 +5)

If Viout <= 0.5 Then

Viout =0.5

End If

If Viout >= 4.5 Then

Viout =4.5

End If

Call 12CStart

Call Send8BIT(&H90)

Call Ack

Call Send8BIT(&H44)

Call Ack -

Call Send8BIT(Val(Viout) *51) (VioutAn LSeFUNGBINIdeenuBMBsAf 1)
Call Ack
Call I2CStop

Aadofunemaint 2 Tauehu IC PCF8574 i Address &HT2
e2=V2-R2

Up2=32*e2

Ui2 = Ui2 + 0.2 * (0.5 * (€2 + ep2) * 0.001)
ep2=¢e2

X2 = Up2 + Ui2

V20ut = 0.5 * (X2 + 5)

If V2out <= 0.5 Then

V2out =0.5

End If

If V2out >= 4.5 Then

40
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V2out =4.5

End If

Call I2CStart

Call Send8BIT(&H72)
Call Ack

v

Call SendBin8BIT(Val(vV2out) * 51) (V2out Aa LLSIFTUNABINTAIDBANBIABS AIT 2)
Call Ack
Call 12CStop

Aadefunemeinf 3 Tagrhu IC PCF8574 i Address &HT4
€3=V3-R3

Up3=31*e3

Ui3 = U3 +0.1* (0.5 * (€3 + ep3) * 0.001) * Ui = Ui + Ki(1/2 * dt * {sum of pararell))
ep3 =e3

X3 = Up3 + Ui3

V3out =0.5* (X3 +5)

If V3out <= 0.5 Then

V3out = 0.5

End If

If V3out >= 4.5 Then

V3out = 4.5

End If

Call I2CStart

Call Send8BIT(&H74)

Call Ack

Call SendBin8BIT(Val(V3out) *51) (V3out Aa LIIFUNABINMIAIDDNUDIADT AT 3)
Call Ack
Call 12CStop

AadafuueinesiTi 4 Tauehy IC PCF8574 i Address &HT6
e4 = V4 - R4

Up4 =40 *e4

Uid = Ui4 + 0.1 * (0.5 * (e4 + ep4) * 0.001)

epd =e4

X4 = Up4 + Uid



Vdout = 0.5 * (X4 +5)
If Vdout <= 0.5 Then
V4out = 0.5

End If

If Vdout >= 4.5 Then
V4out =4.5

End If

Call 12CStart

Call Send8BIT(&H76)
Call Ack

Call SendBin8BIT(Val(Vdout) *51) (Vdout An LLSIAUNABINIIADDNUBIABSAIN 4)

Call Ack
Call 12CStop

nsfaAenudIcIumMutoundun 4 /1 azk1u NatoWss591(PCF8591)Inadiyamdnats

Call I2CStart

Call Send8BIT(&H90)

Call Ack

Call Send8BIT(&H45)

Call Ack
Call I2CStop
Call I2CStart

Call Send8BIT(&H91)

Call Ack

R1=(DAT * 5) /256
Call MAck

R2 = (DAT * 5) /256
Call MAck

R3 =(DAT * 5) /256
Call MAck
R4=(DAT *5)/256
Call Ack

42
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Call 12CStop

R1,R2,R3,R4 fip Ae1unauu 19

v ] v
Taef HguAeFUd Sub Function N145ud9¢0 1l

Private Sub I12CStart()

Out &H37A, Inp(&H37A) Or1  'SDA=1

Out &H37A, Inp(&H37A) Or2 'SCL=1

Out &H37A, Inp(&H37A) And &HFE 'SDA=0
Out &H37A, Inp(&H37A) And &HFD 'SCL=0
End Sub

Private Sub I12CStop()

Out &H37A, Inp(&H37A) And &HFE 'SDA=0
Out &H37A, Inp(&H37A) Or 2 'SCL=1

- Out &H37A, Inp(&H37A)Or 1 'SDA=1

End Sub

Private Sub Send0()

Out &H37A, Inp(&H37A) And &HFE 'SDA=0
Out &H37A, Inp(&H37A) Or2 'SCL=1

Out &H37A, Inp(&H37A) And &HFD 'SCL=0
End Sub

Private Sub Send1()

Out &H37A, Inp(&H37A) Or 1 'SDA=1

Out &H37A, Inp(&H37A) Or2 'SCL~1

Out &H37A, Inp(&H37A) And &HFD 'SCL=0
End Sub
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Private Sub Ack()

Out &H37A, Inp(&H37A) Or1 'SDA=1

Out &H37A, Inp(&H37A) Or2 'SCL=1

Out &H37A, Inp(&H37A) And &HFD 'SCL=0
End Sub

Private Sub MAck()
Out &H37A, Inp(&H37A) And &HFE 'SDA=0
Out &H37A, Inp(&H37A) Or2 'SCL=1

Out &H37A, Inp(&H37A) And &HFD 'SCL=0
Out &H37A, Inp(&H37A) Or 1 'SDA=1

End Sub

Private Function DAT()
For1=7 To 0 Step -1
Out &H37A, Inp(&H37A) Or 1 'SDA=1
Out &H37A, Inp(&H37A) Or2 'SCL~1
If (Inp(&H379) And &H80) < &H80 Then 'Read SDA
DAT1=2"10rDATI1
End If
Out &H37A, Inp(&H37A) And &HFD  'SCL=0
Next I
DAT =DATI1 'Data 8 Bit

End Function

Private Sub Send8BIT(Add As Integer)
For I=7 To 0 Step -1 ' Loop 7 Cycle
If (Add And2~1)=2"1Then 'TestBitOOR 1
Call Send1

Else
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Call Send0
End If
Next I
End Sub

Private Sub SendBin8BIT(Add As Integer)

If (Add And 2~ 7)=2" 7 Then
Call Sendl

Else
Call Send0

End If

If (Add And 2" 6)=2" 6 Then
Call Send1

Else
Call Send0

End If
If (Add And 22 5) =2 5 Then
Call Send1

Else
Call Send0

End If

If (Add And 2 4)=2" 4 Then
Call Send1

Else
Call Send0

End If
If (Add And 2~ 3) =2 3 Then
Call Sendl

Else
Call Send0

End If
If (Add And 2~ 2) =2 2 Then
Call Send1

Else
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Call Send0
End If
If (Add And 2~ 1) =27 1Then
Call Sendl
Else
Call Send0
End If
If (Add And2” 0) =2~ 0 Then
Call Send1
Else
Call Send0
End If
End Sub
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Philips Semiconductors

Product specification

8-bit A/D and D/A converter

PCF8581

1 FEATURES

¢ Single power supply

e Operating supply voltage 2.5 Vto 6 V
o Low standby current

« Serial input/output via 12C-bus

L

Address by 3 hardware address pins

o

Sampling rate given by 12C-bus speed

4 analog inputs programmable as single-ended or
differential inputs

o Auto-incremented channel selection

* Analog voltage range from Vgs to Vpp

e On-chip track and hold circuit

e 8-bit successive approximation A/D conversion
o Multiplying DAC with one analog output.

2 APPLICATIONS

o Closed loop control systems
e Low power converter for remote data acquisition
o Battery operated equipment

« Acquisition of analog values in automotive, audio and
TV applications.

4 ORDERING INFORMATION

3 GENERAL DESCRIPTION

The PCF8591 is a single-chip, single-supply low power
8-bit CMOS data acquisition device with four analog
inputs, one analog output and a serial 12C-bus interface.
Three address pins AQ, A1 and A2 are used for
programming the hardware address, allowing the use of
up to eight devices connected to the 12C-bus without
additional hardware. Address, control and data to and from
the device are transferred seriaily via the two-line
bidirectional 12C-bus.

The functions of the device include analog input
multiplexing, on-chip track and hold function, 8-bit
analog-to-digital conversion and an 8-bit digital-to-analog
conversion. The maximum conversion rate is given by the
maximum speed of the 12C-bus.

TYPE PACKAGE
NUMBER NAME DESCRIPTION VERSION
PCAS591P DIP16 plastic dual in-line package; 16 leads (300 mil); long body SOT38-1
PCA8591T SO16 plastic small outline package; 16 leads; body width 7.5 mm SOT162-1

1998 Jul 02 3
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Philips Semiconductors

Product specification

8-bit A/D and D/A converter

PCF8591

6 PINNING
SYMBOL | PIN - DESCRIPTION
AINO 1
AIN1 2 analog inputs
AIN2 3 (A/D converter) AINO E‘_‘ U 16] Voo
AIN3 4 :
A0 5 AIN1 E E AouT
A1 6 hardware address AlN2 | 3 [14] Vegr
A2 v AIN3 | 4 E AGND
Vss 8 negative supply voltage 20 1% g 12] EXT
SDA 9 I2C-bus data input/output

Al | 6 11| OSC
SCL 10 12C-bus clock input
0osc 11 | oscillator input/output i 0] sct
EXT 12 | extemalfinternal switch for oscillator vss [8]] 9] soa

input
7280959.1

AGND 13 analog ground
VRrer 14 voltage reference input
AOUT 15 | analog output (D/A converter) Fig.2 Pinning diagram.
Voo 16 positive supply voltage

1998 Jul 02




Philips Semiconductors

Product specification

8-bit A/D and D/A converter

PCF8591

7 FUNCTIONAL DESCRIPTION
71 Addressing

Each PCF8591 device in an 12C-bus system s activated by
sending a valid address to the device. The address
consists of a fixed part and a programmabie part.

The programmable part must be set according to the
address pins AQ, A1 and A2. The address always has to
be sent as the first byte after the start condition in the
|2C-bus protocol. The last bit of the address byte is the
read/write-bit which sets the direction of the following data
transfer (see Figs 3, 15 and 16).

MSB LSB

1 Q 0 1 | A2 | A1 | A0 |[R/W

- -
™ v

fixed part programmable pant
Fig.3 Address byte.

7280860

1998 Jul 02

7.2  Control byte

The second byte sent to a PCF8531 device will be stored
in its control register and is required to control the device
function.

The upper nibble of the control register is used for enabling
the analog output, and for programming the analog inputs
as single-ended or differential inputs. The lower nibble
selects one of the analog input channels defined by the
upper nibble (see Fig.4). If the auto-increment flag is set
the channel number is incremented automatically after
each A/D conversion.

If the auto-increment mode is desired in applications
where the internal oscillator is used, the analog output
enable flag in the control byte (bit 6) should be set. This
allows the internal oscillator to run continuously, thereby
preventing conversion errors resulting from oscillator
start-up delay. The analog output enable flag may be reset
at other times to reduce quiescent power consumption.

The selection of a non-existing input channel results in the
highest available channel number being allocated.
Therefore, if the auto-increment flag is set, the next
selected channel will be always channel 0. The most
significant bits of both nibbles are reserved for future
functions and have to be set to 0. After a Power-on reset
condition all bits of the control register are reset to 0.

The D/A converter and the oscillator are disabled for power
saving. The analog outputis switched to a high-impedance
state.



Philips Semiconductors Product specification

8-bit A/D and D/A converter PCF8591
MSB Lsa
R B B B O e CONTROL BYTE

= el
A/D CHANNEL NUMBER:
00 channel 0
01 channel 1
10 channel 2
11 channel 3
AUTOINCREMENT FLAG:

(switched on if 1)

— ANALOGUE INPUT PROGRAMMING:

Q00 Four single ended inputs

AIN0 —————————— channel 0
AIN1 ——————— channel 1
AIN2 ——————————— channel 2
AIN3 ————————— channel 3

01 Three differential inputs

AINO
channel C
AN T =
channel 1
AIN2 >
& channel 2
AIN3

10 Single ended and differential mixed

AING —pe—m—sg———— chaitiiel 0
AIN1 ————— channel 1
AIN2 >
= channel 2
AIN3
1 Two differential inputs
AINO :
> channel 0
AINT —&
AINZ =mmeeed
>— channel 1
AIN3 —1=
ANALOGUE OUTPUT ENABLE FLAG:
{analogue output active if 1) 72809861

Fig.4 Control byte.

1998 Jul 02 7
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Philips Semiconductors

Product specification

Remote 8-bit /0O expander for [2C-bus

PCF8574

1 FEATURES
¢ Operating supply voltage 2.5 to 6 V

¢ Low standby current consumption of 10 uA maximum
e 12C to parallel port expander

¢ Open-drain interrupt output

o 8-bit remote 1/0 port for the 12C-bus

¢ Compatible with most microcontrollers

» Latched outputs with high current drive capability for
directly driving LEDs

e Address by 3 hardware address pins for use of up to
8 devices (up to 16 with PCF8574A)

» DIP18, or space-saving SO16 or SSOP20 packages.

3 ORDERING INFORMATION

2 GENERAL DESCRIPTION

The PCF8574 is a silicon CMOS circuit. It provides general
purpose remote I/O expansion for most microcontroller
families via the two-line bidirectional bus (12C).

The device consists of an 8-bit quasi-bidirectional port and
an 12C-bus interface. The PCF8574 has a low current
consumption and includes latched outputs with high
current drive capability for directly driving LEDs. It also
possesses an interrupt line (ﬁ) which can be connected
to the interrupt logic of the microcontroller. By sending an
interrupt signal on this line, the remote 1/O can inform the
microcontroller if there is incoming data on its ports without
having to communicate via the 12C-bus. This means that
the PCF8574 can remain a simple slave device.

The PCF8574 and PCF8574A versions differ only in their
slave address as shown in Fig.9.

PACKAGE
TYPE NUMBER

NAME DESCRIPTION VERSION
PCF8574P; DIP16 plastic dual in-line package; 16 leads (300 mil) SOT38-1
PCF8574AP
PCF8574T; SO16 plastic small outline package; 16 leads; body width 7.5 mm SOT162-1
PCF8574AT .
PCF8574TS SSOP20 | plastic shrink small outline package; 20 leads; body width 4.4 mm SOT2€6-1

1997 Apr 02 3



Philips Semiconductors Product specification

Remote 8-bit I/O expander for 12C-bus PCF8574

4 BLOCK DIAGRAM

NT <13 INTERRUPT LP FILTER
LOGIC
1 PCF8574
A0 =
Al S KU
- 5
A2 < > P1
6
14 > > P2
scL > e—>] s >
o INPUT o 2C-BUS | A RS
| FILTER CONTROL SHIFT Tl 'N B
SDA < i 88IT 9
REGISTER PORT le—1 » p4
1 10
< — P5
11
———> P6
12
< > P7
A A
WRITE pulse T
16 READ pulse
Voo
3 POWER-ON
Vss ——] RESET

MBDS80

Fig.1 Block diagram (SOT38-1 and SOT162-1).

1997 Apr 02 4



Philips Semiconductors

Product specification

Remote 8-bit I/O expander for 12C-bus PCF8574
5 PINNING
PIN
SYMBOL DESCRIPTION
DIP16; SO16 SSOP20
A0 6 address input 0
A1 2 7 address input 1
A2 3 g address input 2
PO i 4 10 quasi-bidirectional 1/0 0
P1 L5} " quasi-bidirectional 1/0 1
P2 6 12 quasi-bidirectional 1/0 2
P3 Vi 14 quasi-bidirectional 1/0 3
Vss 8 15 supply ground
P4 9 16 quasi-bidirectional /0 4
P5 10 17 quasi-bidirectional I/0 5
P6 11 19 quasi-bidirectional I/O 6
B7 2 20 quasi-bidirectional I/O 7
INT 13 1 interrupt output (active LOW)
SCL 14 2 serial clock line
SDA 15 4 serial data line
Voo 16 5 supply voltage
n.c. ; - 8 not connected
n.c. - 8 not connected
n.c. — 13 not connected
n.c - 18 not connected
i) {4
INT [1] 4 20] p7
a0 [7] U 78] Voo scL 2] [19] Ps
A1 ‘Z E SDA Ave. E E n.c.
A2 (3] 4] scL soa [4] [17] ps
PO [4]  porgsze |13) INT Vo [5] [16] Pa
i et i — PCF8574TS o
P2 [5 (1] Ps At (7] 14] P3
P3 [7] 10] s nc. [ 8| [13] nec.
Vss 8 (9] Pa A2 (9| 12] P2
1430979 PO @ E P1

Fig.2 Pin configuration (DIP16; SO16).

2130973

Fig.3 Pin configuration (SSOP20).

1997 Apr 02



Philips Semiconductors

Product specification

Remote 8-bit I/O expander for 12C-bus

PCF8574

6 CHARACTERISTICS OF THE 12C-BUS

The 12C-bus is for 2-way, 2-line communication between
different ICs or modules. The two lines are a serial data
line (SDA) and a serial clock line (SCL). Both lines must be
connected to a positive supply via a pull-up resistor when
connected to the output stages of a device. Data transfer
may be initiated only when the bus s not busy.

6.1 Bit transfer

One data bit is transferred during each clock pulse. The
data on the SDA line must remain stable during the HIGH
period of the clock pulse as changes in the data line at this
time will be interpreted as control signals (see Fig.4).

6.2 Start and stop conditions

Both data and clock lines remain HIGH when the bus is not
busy. A HIGH-to-LOW transition of the data line, while the
clock is HIGH is defined as the start condition (S).

A LOW-to-HIGH transition of the data line while the clock
is HIGH is defined as the stop condition (P) (see Fig.5).

6.3  System configuration

A device generating a message is a ‘transmitter’, a device
receiving is the ‘receiver’. The device that controls the
message is the ‘master’ and the devices which are
controlled by the master are the ‘slaves’ (see Fig.6).

5L Y
SDA / |' X { \
0 I ]~
1 I
i i ol
1 | 1
| data line | change |
i stable; | ofdata |
1 data valid | allowed | MBCE21
Fig.4 Bit transfer.
g 2 Son ] | ety gt |
N | A\L 8 | ™
SDA | | / \ I/l SDA
| ! A1 L I
| I I I
| | AT, ! ! 4
] ] ] ] %
SCL | | N 7; \ / | | scL
[ Sy I aP M
START condition STOP condition i
AMBC822
Fig.5 Definition of start and stop conditions.
SDA
SCL I I I
MASTER SLAVE MASTER
TRANSMITTER / RESCLSX/IEEQ TRANSMITTER / TRQ"&%E’} TRANSMITTER /
RECEIVER ' RECEIVER ER RECEIVER
MBAZOS
Fig.6 System configuration.

1997 Apr 02




Philips Semiconductors

Product specification

Remote 8-bit I/0 expander for 12C-bus

PCF8574

6.4  Acknowledge

The number of data bytes transferred between the start
and the stop conditions from transmitter to receiver is not
limited. Each byte of eight bits is foiiowed by one
acknowledge bit The acknowledge bit is a HIGH level put

nnnnnnnnnnnnnnnnnn

generates an extra acknowledge related clock pulse.

A slave receiver which is addressed must generate an
acknowledge after the reception of each byte. Also a
master must generate an acknowiedge afier the recepiion
of each byte that has been clocked out of the slave

transmitter. The device that acknowledges has to pull
Ar\ nﬂ-\f\ CNA limA Avirina ch AnlknAu

in dodan planl Arden an
Pl Som S Guning (1107

aChnCW wuye i puiol, o8

that the SDA line is stable LOW during the HIGH period of
the acknowledge related clock pulse, set-up and hold
times must be taken into account.

A mastor recoivor must sional
TN

lransmltter by not generating an acknowledge on the last
byiz that has been clocked out of the slave. In this event
the transmitter must leave the data line HIGH to enable the
master to generate a stop condition.

an ond Af Aata A thA
GSICT ICCCIVEr must DIy A Loiu Un udiia (O e

=
|

DATA OB IPUT \

BY TRANSMITTER

v
A

¢/, WY

A= e/ =/

not acknowledge .
X

|

I

|

DATA OUTPUT I
BY RECEIVER |
l

SCL FROM
MASTER |

E [EREE

START
CONDITION

Fig.7 Acknowledgment on the {2C-bus.

acknowledge 7

clock puise tor

MBC602 acknowledgement

1997 Apr 02 T
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LM2902,LM324/LM324A,LM224/

LM224A

Quad Operational Amplifier

Feal.es

Description

+ Irrernally frequency compensated for unity gain The LM324/LM324A, LM2902,LM224/ L M224A consist of

« Large DC voltage gain: 100dB
« Wide power supply range:

four independent, high gain, internally frequency
compensated operational amplifiers which were designed

LM224/LM224A, LM324/LM324A : 3V~32V (or=1.5 ~ specifically to operate from a single power supply over a

15V) wide voltage range. Operation from split power supplies is
LM2902: 3V~26V (or £1.5V ~ 13V) also possible so long as the difference between the two

+ Input common mode voltage range includes ground supplies is 3 volts to 32 volts. Application areas include
Large output voltage swing: 0V to V¢ -1.5V transducer amplifier, DC gain blocks and all the

-+ Power drain suitable for battery operation conventional OP amp circuits which now can be easily

implemented in single power supply syvstems.

14-DIP

14-SOP

Internal Block Diagram

1
ouTH OouT4
INT IN4 (-)
INT (+) : IN4 (+)

GND
IN2 (+) IN3 (+)
N2 () (6) IN3 (-)
ouT2: (7] ouT3

Rev. 1.0.1

©2001 Fairchild Semiconductor Corporation



LM2902,LM324/LM324A,LM224/LM224A

Schematic Diagram

(One Scction Only)

Voo O— 0 ° l 1
%Jcs Jos jron Ji\)en b
hie—— e
é \ ]l E ! . ' 1 l 20
| R i
Loy ! a2 , | " I P l »—é——o A2 oouteut
ot ! ' : — a1 : '
C) N (=) \\l ‘: ; 1 ‘ l 3 0,————K921
a7 ‘ : Q10 ~— 015[ i
i | i \
t io}\’lﬁgl l oy ?C1A Kms
B 4 s |
GND O i
Absolute Maximum Ratings C
Parameter Symbol | LM224/LM224A LM324/LM324A LM2902 Unit
Power Supply Voltage Vcc +16 or 32 +16 or 32 +13 or 26 V
Differential Input Voltage VI(DIFF) 32 32 26 \
Input Voltage Vi -0.3 to +32 0.3 to +32 -0.3 to +26 V
Ouiput Short Circuit to GND : ; .
Vous15V, TA=25°C(one Amp) - Continuous Continuous Continuous -
Power Dissipation PD 570 570 570 mW
Operating Temperature Range TOPR -25 ~ +85 0~+70 -40 ~ + 88 °C
Storage Temperature Range | TSTG -65 ~ +150 -65 ~ + 150 -65 ~ + 150 °C




Electrical Characteristics
(Vcc=5.0V, VEE=GND, TA=25 °C, unless otherwise specified)

LM2902,LM324ILM324A,LM224/LM224A

i 1 LM224 { LM324 LM2902
PnRies Symbpl Gongltien: | Min. | Typ. | Max. | Min.| Typ. |Max.| Min. | Typ. Max.| !
Von= 0V Voe | e i e e
Input Offset -1.5V Pl qelisn i< | As| 7o) - V) 5 |70 v
Voltage L VopP)=14V,Rs | ; : \t 2 : 1 i 1 :
=00 G EiE |
| i I I { : i
Input Offset o : Voo o os e o) - 30 FB0 |
Current e 1 | ‘ | ‘ i : ; i
Input Bias Current | I1BIAS | z o [ 0] | 250 40 ) 250 A
Common-Mode | Avetel vee { vee|
Input VI(R) | Notet s _1_5} =15 | - 0 s ;-1.5 Ve
Voltage Range ] g | { ; 3 1
asn £ 4 = | ! | ] S
RFEANVCC = 3QNNNW\ G/ /2 | 10 NN, - [ 10| 3 {mAl
(all Amps) | | ; | |
- = i | ] ! i
Supply Current icc 2}‘ ;\;pvs():C =54 | | %
8 | - o H = . i 2 : A
T 07X e op 12 \O7i 12 mA |
LM2902) | Ay
Large Signal vee = 15V,Ri22KQ 4 Wi\ | VI
Voltage Gain S’ Vo) = 1V to 11V YA ZRAMNES : { mV
= i l
RL ARG (38 T (T R T AR AR
Output Voltage Vo(H) | Notel RL= ‘
Swing t 10KQ 2051528 - 2728 = 23 | 24 - V
Vo() | Vec=5V.R210KQ| - 5 20 . - 9 20 - 5 {100 | mV
Common-Mode =
Rejection Ratio CMRR - 70 | 85 - 65" el - 50 | 79 - dB
Power Supply . q
Reiection Ratio PSKRR - 65 | 100 | - | 65| 100 - 50 #1900 | - dB
Channel
Separation CS f = 1KHz to 20KHz NI 20™ Ny F 120 logt - {120} - | dB |
Short Circuit to |
GND SC g - 40 | 60 - 40 | 60 - 40 | 60 | mA
Vi+) = 1V, Vi) = 0V
ISOURCE| Vcc =15V, Vo) |20 | 40 | - [ 20| 40 - |20 ;40 - | mA
=2V
Vi+) = 0V, Vi) = 1V
Output Current Vce = 15V, Vo(p) 10213 - 10 13 - 104 143 - | mA
=2V
ISINK
Vi(+) = 0V, Vi) = 1V !
Vce = 15V,VoR) = | 12 | 45 - 12 | 45 - = N 3 LA
200mV :
Differential Input
Voltage VI(DIFF) sl csne s s Vel -l o IR el Y

Note :

1.Vce=30V for LM224 and LM324 ,

Ve = 26V for LM2902




DACO0800/DAC0802

General Description

The DACO0800 series are monolithic 8-bit high-speed
current-output digital-to-analog converters (DAC) featuring
typical settling times of 100 ns. When used as a muitiplying
DAC, monactonic performance over a 40 to 1 reference cur-
rent range is possible. The DAC0800 series also features
high compliance complementary current outputs to allow dif-
ferential output voltages of 20 Vp-p with simple resistor loads
as shown in Figure 1. The reference-to-full-scale cument
matching of better than *1 LSB eliminates the need for
fuli-scale trims in most applications while the nonlinearities
of better than +0.1% over temperature minimizes system er-
ror accumulations.

ACO

The noise immune inputs of the DAC0800 sertes wilt accept
TTL levels with the logic threshold pin, V¢, grounded.
Changing the V, ¢ potential will allow direct interface to other
legic families. The performance and characteristics of the
device are essentially unchanged over the full 4.5V to
£18V power supply range; power dissipation is only 33 mW
with £5V supplies and is independent of the logic input
states.

June 1999

National Semiconductor

8-Bit Digital-to-Analog Converters

The DACO0800, DACC802, DAC0800C and DAC0802C are a
direct replacement for the DAC-08, DAC-08A, DAC-08C,
and DAC-08H, respectively.

Features

Fast settling cutput current:
Full scale error: =1 LSB
Nonlinearity over temperature:  *0.1%

Fuli scale current drift: 10 ppm/'C

High output compliance: -10V to +18V
Complementary current outputs

Interface directly with TTL, CMOS, PMOS and others
2 quadrant wide range muitiplying capability

“Wide power supply range: 4.5V to 18V

Low power consumption: 33 mW at £5V

Low cost

100 ns

Typical Applications
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o
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Ordering Information

DIGITAL INPUTS

3182 33 24 35 85 87

v

1s3
83

Voyr T020 Vo s

3S005686-1

FIGURE 1. £20 V,, Output Digital-to-Analog Converter (Note 5)

Non-Linearity Temperature Order Numbers
Range J Package (J16A) (Note 1) | N Package (N16E) (Note 1) | SO Package (M16A)
+0.1% FS 0'C<T,<+70°C DAC0802LCJ ‘ DAC-08HQ | DAC0802LCN | DAC-08HP DAC0802LCM
+0.19% FS -55"C < T, < +125'C | DAC0800LJ | DAC-08Q
£0.19% FS 0'C<To<+70°C DAC0800LCY } DAC-08EQ |DACOB00LCN| DAC-08EP DAC0800LCM

Note 1: Devices may be ordered by using either order numter.

o
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Absolute Maximum Ratings (note 2)

If Military/Aerospace specified devices are required,
please contact the National Semiconductor Sales Office/
Distributors for availability and specifications.

Supply Voltage (V* - V")
Power Dissipation (Note 3)

Reference input Differential Voltage

(V14 to V15)

Reference Input Common-Mcde

Range (V14, V15)
Reference Input Current
Logic Inputs
Analog Current Outputs

(Vg- = -15V)
ESD Susceptibility (Note 4)

+18V or 36V
500 mW

VoV

Mo T

5 mA

V™ to V™ plus 36V

4.25 mA
TBD vV

Electrical Characteristics

The following specifications apply for Vs = £15V, lz== = 2 mA and Ty < T
characteristics refer to both loyr and Iyt

Storage Temperature -65'C to +150'C
Lead Temp. (Soldering, 10 seconds)
Dual-In-Line Package (plastic) 260°C
Dual-In-Line Package {ceramic) 300'C
Surface Mourit Package
Vapor Phase (60 seconds) 215°C
infrared (15 seconds) 220'C
Operating Conditions (ncte 2)
Min Max Units
Temperature (T,)
DAC0800L =335 +125 e,
DAC0800LC 0 +70 o]
DAC0802LC 0 +70 €

& < Tax unless otherwise specifiad. Output

DAC0802LC ;' DACQ800L/
Symbol Parameter Conditlons | DACO800LC Units
Min | Typ Max | Min | Typ Max
Resolution 8 8 8 894 g 8 Bits
Monotonicity 8 8 8 8 | 8 g Bits
Nonlinearity £, =0.19 %FS
ts Settling Time To =72 LSB, All Bits Switched 1C0 135 ns
“ON” or "CFF", T4=25'C
DACO800L 100 135 ns
DACO0800LC 100 150 ns
tPLH, Propagation Delay Ta=25'C
tPHL Each Bit 35 60 35 €0 ns
All Bits Switched 35 €0 35 | ©80 ns
TCles Full Scale Tempco 10 50 108 | #80/ | ppmrC
Voc Cuiput Voltage Comoliance Full Scale Current Change -10 18 -10 18 \
<% LSB. Royr>20 MQ Typ
[ Full Scale Current Vgze==10.000V, R14=5.000 Q2 1.984 1.992 2.000 1.94 w39 2.04 mA
R15=5000 kQ, T,=25'C
less { Full Scale Symmetry lesi—les2 20,5 4.0 2y 4 8.0 HA
Izs Zero Scale Current 0.1 1.0 | |20 pA
lesg Output Current Range Vv =-5v 0 2.0 21 0 20 2.1 mA
V7=-8Vto -18V 0 2.0 42 0 20 4.2 mA
Logic Input Levels
Vi Logic 0" Vic=0V 0.8 0.3 v
Vig Logic “1" 20 20 \
Logic Input Current Vic=0V
i Logic “0" -10V<Vip$+0.8V -2.0 -10 -20 -10 uA
b Logic 1" VeV, <+18V 0.c02 10 0.002 | 10 bA
Vis Logic input Swing V'=-15v -10 18 -10 i 18 v
Vinr Logic Threshold Range Vs=215v -10 | 13.5 -1C i 135 \Y
Iis Reference Bias Current -1.0 -3.0 -1.0 | -30 pA
dl/dt Reference Input Stew Rate (Figure 11) 4.0 8.0 4.0 80 | mA/us
PSSles. | Power Supply Sensitivity 4.5vsVvic18v 0.0001 0.01 0.0001 | 0.01 Yol %
PSSles- -4.5vVeVvs18v 0.0001 0.01 0.6001 0.01 Yol%
lagr = 1MA |

i
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Electrical Characteristics (coninued)

The following specifications apply for Vo = 15V, Iger = 2 mA and Tyyn € Ta € Tyax Unless otherwise specified. Output
characteristics refer to both Ioyr and lout

| DAC0802LC DAC0800L/
Symbol Parameter Conditions : DAC0800LC Units
i Min | Typ | Max Min Tyo Max
Power Supply Current V=25V ize=1 mA |
i+ I 233 3.8 23 3.8 mA
i~ ! -43 | -538 -43 | -538 mA
Vg=5Y, —15V, lnge=2 mA |
i+ 24 3.8 2.4 3.8 mA
1= | -5.4 -7.8 -6.4 =7.8 mA
Vs=Z15V, Iggr=2 mA
I+ 2:5 3.8 2.5 3.8 mA
I= -8.5 -7.8 =65 -7.8 mA
Pa Power Dissigation 5V, lgge=1 MmA 33 48 33 48 mw
5V,~15V, Igge=2 mA 108 136 108 136 mw
15V, lrer =2 mA 1351 174 135 174 mw

Note 2: Absciute Maximum Ratings indicate limits beyond which damage to the device may cccur. DC and AC eiectrical specifications do not apply when cperating
the device teyend its specified cperating conditions.

Note 3: The maximum juacuon semperature of the DALLANN 204 DALAN2 is 125°C. For cperating at elevated temoeratures, devices in the Dual-In-Line J package

must be cerated based on a thermal resistance of 100°C/W, junction-to-ambient, 175°C/W for the moiced Dual-In-Line N package and 100°C/W for the Smail Qutline
M pachage.

Note 4: Human body mocel, 100 pF discharged through a 1.5 k2 resistor.
Note 5: Pin-out numbers for the DACC80X represent the Dual-In-Line package. The Small Outline package pin-out differs from the Dual-In-Line package.

Connection Diagrams

Dual-In-Line Package Small Outline Package

THRESHOLD 1 U 6
CONTROL, V(e ™1 @ F=- comrensation vt 1 &1 16 —Bg LSB
2 15 k

Tout — 2 Vagr Veer¥) - 2 1518

v HS VRer () Vrer(=)—{ 3 1418

sadroad A COMPENSATION—] 4 1348

i b2 e LSk THRESHOLDCQNTF.OL.E— 5 1218,

i\ lour—1 8 118

st 11 g, ouT | ° 3

i 1o oo Ve 1018,
lour—18 918, MSB

Bd—l~ 1—-35
i 300568644
5005686-13 Top View

Top View

See Ordering Information
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Block Diagram (note 5)

Full Scale Current
vs Reference Current

6 +Ta=TynT0 Tu.\xl—{——
ALLBITSHIGH
5 { i LIVIT FOR -

TV 15y
: 1

Igg  UUTPUT CURRENT (A}

2
o 1 H 3 4 H
13eF - REFERENCE CURRENT (ma)
DS005686-2

Reference Amp
Common-Mode Range

4
Ta=Tuin T0Tyayx | !
_ ¥ Fawerstons i
e 1] ——
T - L
-4 4 4 i |
£ g4
E TVE-1SV V-5V | *ysisv
5 2 " =
= i I | IREF=2mA
2 s R
Sini "REF:"“A“*—
- I
o 98 H +—
04 | iggr=02mA ]
) : 1 I 1
-14 -0 -6 -2 2 i | O O

V1S - REFERENCE COMMON-MODE VOLTAGE (V)

Note. Positive common-made range is always
(V+) - 1.5V.

DS005686-25

Typical Performance Characteristics

LSB Propagation Delay vs g
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Ulel 28/
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350

S

300
280
200
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100
50
0
00102 0050108205 1 2 5 10
Ips — QUTPUT FULL SCALE CURRENT (mA)
25005686-23

Pp -~ PROPAGATION DELAY (ns)

Logic Input Current
vs Input Voltage

= VI Bl N l

S & + +

= ! I !

= ! H

H ‘ i

= i

3 a :

= ]

s

2

= i

Q i

ST Y
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' { !
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V; - LOGIC INPUT VOLTAGE (V)

DS005685-26

v vie .‘;. 2 3 4 85 35 57 L:l.
TV] ?1 ?5 Ti T; ?s T! 10 Tn Tn
= DR 1 i | 1 ] Il
w[r«;:: T ] ]
2 R (S P o S T § e
; Sfﬁ?itEiéLéS&;Eé léllhlé e T
R e
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come v
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Reference lnput
Frequency Response

iz —
10 FAR14=R15=1%
B LA+ 500

5 FALL 3ITS “ON"}
4 FVgig =V i
2 1
3

RELATIVE QUTPUT {uB)

N ST

-1 —

2

o5 19y 5
FREQUENCY (MH2)

83 92
D8005685-24

Curve 1: C-=15 oF, V(=2 Vp-p centered at 1V.
Curve 2: Cc=15 pF, V|, =50 mVp-p centered at
200 V.

Curve 3: C;=0 cF. V|, =100 mVp-p centered at
0V and applied througn 5002 connected to pin
14.2V applied o0 R14.

Viy — Vi c vs Temperature

25

VIn - Vic(v)

Ta - TEMPERATURE { C}
25005686-27
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Typical Performance Characteristics (continued)

Output Current vs Output

& Output Voltage Compliance Bit Transfer
Vold 7o T e
Voltage {Cutput Voltage vs Temperature Characteristics
Compliance)
20 H 1.4
3 BITS“ON" T, T0 AN RN
ALLBITS“ON" Ta=T, T 1] S
24 e A A 5 NN z 12 —'ner Zma
24 1 T T 1 I | ] o 1 OIS INARNNA NN z i ,
= VT 15V v sV { 2 SHADED AR 4 (NDICATES; £ ol
£ 2 EreTRE S, |3 eeamssisteouteur 1| = NNy
: L ] I AEF =2m s VOLTAGE RANGE FOR 1 | g 0a H
s i T T = 3 -V=-I3V.iggpvZmA. ol ] 2 St R
z 12 L] e z 3 FOR OTHER -V OR | l S 0e ]
= T 1 =1mA = 3 REFe = ] a
= : Ace s SEE FIGURE S e lavy
3w H : I SRR R e HEmma
B i = RN » T/ -V = -5¢
Tigeicd| FL A e B NN \\\\\\t\ N o [
= s T~ Ingr ~ 02 mA B 00 XX NN DI INN KRN RN “AFARREE)
N N D 3 . g " o LT
e B TR el R L ~12-10-8-6-4-20 24 § 8 101214 1§13
-1 -10 -8 -2 .2 ¢ i3 4 1
Ta - TEMPERATURE I*C) Vi - LGBIC IRFUT VOLTAGE (Vi
Vg - QUTPUT VOLTAGE iV) 5
3S0(5636-29 38008626-20
s0oseEgs Note. 81-88 have identical transfer ]
cnaraceristics. Bits are fuily switched with iess
than vz LS8 eror, at fess than =106 mV from
actual threshold. These switching points are
Guaranteed to lie between 0.8 and 2V over the
operating temperature range (Vi ¢ = 0V).
Power Supply Current Power Supply Current Power Supply Current
0 A gk
vs tV vs -V vs Temperature
8 7 8 |
ALL BITS HIGH OR LOW T = 1
: [ | = ALLBITS MAY BE HIGH 0 LOW l- 2 oSS a0 T
= ; 7 1 =t < R’y T |-wmu”; 2mA = IngF=2mA ]
= 4 1 Lo | e et £ [fLREES i i
woEs : [y | PR — - - . A i -
S NERE » BN T T AN g (28] -
S i 4 - Edel] 5 VA vy LA s
=) | B | Tl s _*—;')-MTMIREF-U“A o F (S
ol L | & B i Ao, —_—_ s { :
H N ; z ; it ] 7
23 +— l } i J' E 3 it t-wmiTHigep=d2mA ! 2 y. eyt : :
z | 1 a ! AW < l= " g B
Sz 2 T = i+ ot B i o1 o o *v=1sv
= LR i = Ry ! 2P, Io)e |
FRC | TR e = - sl o | i { i
- . ¥ Tkt i i { 7 1
i MR 10 hen ] - i 1 i [ H f4 i T f
U 2 4 6 871012 141618 20 0 -2 -4 -6 -8 ~10-12-14-16-18-20 &3 0 10 150
Vap— POSITIVE POWER SUPPLY (V) V ~ NEGATIVE POWER SUPFLY (Vi Ta - TEMPERATURE {*C)
OS005686-31 Os0056e8-22 2S005686-23
Equivalent Circuit
MS8 ise
v Vie 1 32 82 M 85 3 a1
J— PR AU, W - s By, SR 7s 10 n 12
? ? 2Vse ? ? ?
4
o T T T T 1S 7
'Vnsf L‘L_ A —
" “ ‘) A A > HL’ Tout
3 =1
Vus 158
3 T
comr o {/ f } '/f 172 J 1 J mn J j 154 J: 128 12y
24 1A A 24 v a
- S
!: R %li §1R lr!
R R R ]
DACOS
]
DS0056286-15

FIGURE 2.
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