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ABSTRACT

This project presents an Internet Telephony Interconnection Equipment. It consists of an analog
telephone to digital signal and a digital signal to analog telephone parts. The digital signal sent over
intemet using RABBIT module and microcontroller for Ethernet interfacing. The user can call to another

by its keypad based on IP Address method.
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32 bits

v

Source Port Destination Port

Sequence Number

Acknowledgement Number

Data Offset Reserved Flag Window Size

Checksum Urgent Pointer

Option + Padding

Data

1 d maa
31 2.5 Wesuundoyavoaudinifiniign

doyaluduiveslis Innoafi@ oxilse nouﬁ'au'uauamnnqﬂ 20 "lummvﬂs.,ﬂaumu

FIUAN muﬁﬂﬂuzﬂn 2.5 qmmnﬂanummnuwmu

TCP Source Port (16 1) : muunzﬁ‘lunmmmmosnﬁ;i‘luqm‘s‘uﬁ'umsﬁams HANUAY

A o ) S [ @
nesaiosufumnoayled seifiufeguoansddoyanduTy

i - N | a P
TCP Destination Port (16 Ua) : tluninuavwesaveaunsoasy Fmesaiuziiuwesafils
[ ] * »

@ounafuiownamdunissieyand T i lsznanade il
TCP Sequence Number (32 1in) : iuminuavivond wuinifniies 19 Taslunsossulu

=1 » ¥ = . L) - [ P o o W J o o ]
msFesvoeyalregluzluuuidy lunsddeyarinnTovohadududoutiuafinfinug

. | » .
azgaoIvzgna Tlyudunaiiadu dnhsadu T ddinifass@umands
] [ ¥
tmenahidulimuddviids mnvaviiez1$luns fasvudndamarifegludisy
1Ay
TCP Acknowledgement Number (32 1a) - ihuminuiavdrduusinifiada llfiniaflasy
o o @ 1 d o aa s a4 v_u va <
manda Fadunmsvendwiviuindanimnuaviduteumhin 1 dTunuadniues
a - o [ e & oa
Data Offset (4 Tin) : 1fudaviiuenvutavesdeyadua (TCP Header) Gaiimizudiu
32 im 50 word
-, 1] dv a » o« & W ' 4; a

Rescrved (6 110 : dautivzgnimualiifuguinasa Fadoyaduiilufinnuvuivesls
= . A - o
dgaadumsau 3 ueunadiefiniiudya Tus Tanea
Flag (6 i) : iludeyaildmuiumnqumsivdumniia wu n SYN uas Ack 19

dmfumsadumsioure autia FIN dumsudinison@dnmideuse Judu
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- Window Size (16 §a) : diudaaviinionlaenauenlinfeddumansusnaves
Sulmadimssnlnumarunsasudoyald

- Checksum (16 Tim) : udoyaiildlunisaswasudofanmavestoyaludania Tay
inFoareaziimsf namnuIAFY (Checksum) ¥osdoyaduia diendsaatonaldsy
foyafepimsdnnudadudiuiidosu udrihmsaSoudouiid ooy

a‘l:’ w 1 171 - -:i a
Tuaatl Sunlousuuraiitlufdefanainludoyan 145y

y

. ﬂ 3 1 P = A 3 1 @ Mg o g b d @
- Padding : L u'uBy‘amummﬂmwo'lwﬂegamunwmu‘mmmmsmu 32 a9aN

233 Tilslanea qﬁﬁ (User Datagram Protocol :UDP)
s Innoagan Unuauianuand1e9in naH lasvinssudadoyariuTusTanea Ao

r ¥ " 1)
duuiniresdnlusuiudooidonisadaseanuiioudoiu (connectionless) SEHNAATOA

= ar

= oIq ¥ 4 { a 1} [] o w
@irnes Iusmsiunseanvelduinms TaslidewdaldthesudeyamSousudoyamiiou

o =

s Tnnoa A%H uaz Lilimsasrvapunnugndssnsudulums fudwdeyamiuadaudieann

U v

. ¥
TsTmnoan g lifidyguaouniudoya (acknowledgement) lunisasdoyaaudnzass uazlill

I
oo o =

msddeyalmidnlunsdifiiannuianmavesmsdadoya ol usuiinenwdmsunse

TsielaidoinrfoTils Tnnoa gaf lumsdaimdeyaiotezdssadavuiunisasisaeudoya
J [ 1 : ty o r 1 ¥ = LY P 1 '
Junnes msddeyamanivlidesiunswnieasnaeudifeyalufnlarwnignaemiel ua

o

3 eiel ] ° : u’: 4:; 1
nalnmsaseroudoyaniiimsivdwz I luduneuvesluslaneaduiiganiumu

Source Port Destination Port

length " Checksum

Data

4 ¢ 4 o
5U% 2.6 Wosuuadoyaveunninayan

» . » 1
- UDP Source Port (16 fin) : duitvzidlunmuonrnesnnidlugaiiudumsdonts vuuay
A o < d @ o
nosaioswiumnoayled szilunogveamsdsioyandull
L - o I ¢ o o gy
- UDP Destination Port (16 1in) : funinuayweiaveunso sy Samesailezdiunesaiild
» 1 . »
WeourefuuonndmTunzidoyafidalu i llhlszunanane
- UDP length (16 1in) : UBADININLIIVOIAIRUNTY MINIUNT (Header) uaz Joun (data)

ar oA - e ] v -
Tunuwaw mideufigaluiadiifie 8 Fuiluvuinvesduia (Header) -
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- Checksum (16 ) : iilusInsna0UAIMENABIVE YRR MM NINTY (UDP datagram) uae
o, M [ = -

vziveyaundululen isames (IP Header) fuimday

ngUii 2.6 pliuvea gavuknda wxiiftaddeyadu wameslovuniaz hiideya dauns
LJ o ¥ da d d = o 3 . ° - ar Ly
asasuveya 1A gaR unafa Tvwnadn uazl¥minnudmienswoinsvesszuinioeo
- MINUIAYNDIN
= /scig o e e a r o a o o

Ao UADRS A 14 11s Taneahidfi/loR doulngjsziivenndmdunaivdanldTus Tnnoa
=1 g L o l& e d' o é s B =) a r - = o dl
75/ o lumsTomsfunTosdu Sl lanoaiiGh/ lof sxdndedoyaluduenndndud

- a9 el = w = ot o as & Pl =

mne e lv 1us Tanoafiai/lofionnsosesfunenwindunarsuonndingu lunsosfion 51
o | S o o A q a o 1
un1s 1dnesatazsaning (Socket) tiptaolumisusnuszuonwinsuaiag

wenwamTuuanzA vz fuddoyaiiumiovives 1oy nosadaus 0 8 65,535
a : :s' LY o [ » - P - d‘ = wr » 3 ¢ o
anfuwelimsiuasfeyagndes tenndmduiihnulunieudvatuzdodidninvounesan
Anfunerwananuduau wewndmduiion1¥iuia Tldmngjszgndmualidldninoay

y & S < =
nesalanoiavnila Feeafnsivimihndmuanuuauiifie IANA (Intemet Assigned Numbers
) d’ a oA é L) LY = -~ q'q

Authority) Minulavwesamariiezgn@aninilu RFC 1700 Fanesadmiunenwinduniionly

vl 1umaalumisied 2.1

M9 2.1 'nmmmma:‘;’mmmauawwﬁm'ﬁ'u

wosa | slanon onwalndu
20 TCP FTP (Data)
21 TCP FTP (Control)
23 TCP Telnet
25 TCP SMTP (Email)
53 TCP/ DNS (Domain Name Server)
UDP
80 TCP HTTP (Web Server)
110 TCP POP3 (Email)
161 UDP SNMP (Simple Network Management Protocol)

s Inoavzusnuozuenwamduiihauluwaz Tead Taslidoya 3 dauseliil
1. wmnuiavleRvealamdiiu
2. YssnnvealusTaneatusunsumledmawed (AdAnseya)

» ¥
3. mnulanesaRuewnanduiuly

72854
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Vo o

M3137 2.1 wrmamnoayweiangnldlasuenndnsuiiduiiSnfulaoria il daundes
. ﬂ' 4 L1 .73 = lﬂl L] -y é
Ianueuni (Cliend MidounofuFivios (Server) v ldvuumuwesafiaanndivies oy
4 A:i & d‘ 4 - o o A : ] -
Hmum-tma'smﬂwumsm‘lﬂ‘dﬁ)uﬂﬁ:gnﬂﬂmﬂnui:uuﬂgmmwmmsmuu naMABRT
o - 3 1 a L) P = -~y ] 4
Tnawuissins@eudedutusivies mnuavwesafidud oo f1488e W3 80 LAATDY

v

Tnaeurisz 1 mnonvnosnduiiiieey

- wetniitiouldam (Well Known Port)

f191 “Well Known Port” 92MiefaMuuiaunes anmanasns na1eiise IETF (Internet
Engincering Task Force) (uimunldfuiwe {3afi{Snfumuaziion 1funmsnarulun ot
Buns il (intranet) unzBuime3iin A18a Well Known Port vzegszning 1 84 1,024 fatiu
uawwﬁlﬂ'ﬁ'uﬂ?awaf’iﬁguﬁtiuufumﬁmuuuTﬂsTmﬂaaﬁ%ﬁ/'laﬁ SemmisndsimoTaves
1o Hudifunns 1,024 $u'l §20619003 Well Known Port 19U wasanuay 80 1ijuyes
HTTP Wosanuiuav 25 fuvea SMTP dudu 1indoan1sns1UA10e Well Known Port A1
fion 1t annsedag 1doinlWddo services dmiuszuuUfidnisdulaad NT 4.0, 2000, XP

uaz 2003 1Wd SERVICES ﬂzﬂ;jﬁ‘ﬂmﬂﬂif C:\<winnt_root>\system32\driverictc

2.4 vianenavlow (If Addressing)

minuiavla® (P Address) ﬁmavﬁuan'ﬁagj'uaJTHuﬂH?aTaﬁﬁﬁaﬂum?aﬂw rRITGR
AewRame LAz Mines Heguuszuunievis mnoaviivzduiiegluiwesd 3 wiominiia
mwes wanuiavlefveaudanasofioglundevudertusedos g du

fogiuTus Tnnealedfldauoglunfovivdumesiinozifiunessu 4 niedundun i
1Pva FslunofFuiinnomylofteziving 32 §a Sufludaavfioruazmndontsni dufudio
dumshminnaylefisfiondonlieg luguvudennduea (Dotted Decimal Notation) M3 @
'lﬁ’atj“luzﬂuuuﬁ‘,a:ﬁﬂﬁ’f'[ﬂumsﬁ"ﬂndumﬂgmﬁmtﬂu 4 Ny nguay 8 B ndenmiulfinlag
m&ljmﬁmudazntju‘lﬁlﬁumumuﬁmlﬁ"w‘f}'amavvfaﬁnzjm’f'wqﬂ Lﬁammﬂmmaﬂaﬁﬁlﬁugm
r?uﬁ’tﬂumsmlaqmmma-ujmﬁm 8 1in f'fa'tfuzaugmﬁmwiazd'mﬁzv’mm{ji:win 0 613 255

msaziunoaylefngndosssegszniig 0.0.0.0 9 255.255.255.255

- 32 bits

\J

Host ID

“—— 8blts — P f—— Bbls — P f—— 8 bils — ~af—— 8 bits ——p

=k

Dotted Decimal Notation 172 . 20 . 122 . 254

31 2.7 msnisduveannuaylefiuasfemaduoa luasu
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2.4.1 Ysziomveanmnuaylon
g ¢ a ' ot
1Pv4 Digoyluilepiussuiamneaylofoendlu 5 1szian (Class) fiv A, B, C, D uas E
» » 4
Taumunomy lefivis 32 da szgndalvdidiu 2 nqudaiife nquisnezidudinvilduenminuay
(A58 (Netwark ID) uasnguiiasssziiludnaviluenvuivay1sad (Host ID) feglumioe
¥ o - » 1 - o a’
vonmuai s lumsuualssianvesminuay lefifa
- Class A : Dausneziffuay 0 mniuiazaufivenvusauniovie fe 8 Tausn daiugzil
o I [
Tavanua 126 nSovu(muuauniov1o 0 9 1ild) d1udn 24 TafimAesuitiuavilduen
¢ o : T - 1 - n’« t'i
nuoayleaad aniulunAazinSeviseslilsad ldnavun 16,777,124 (503 (MUT1@Y 0.0.0 LAz
[ * »
255.255.255 92 1419 dloanmmeviolisaulevnadeaisuiu i leadasmiumnuay lof
AR o e # s ' a A e .
dszianiits lumngdmiumiovivvinalng Falsznoudronaunioviodoureiu mszlu
nsaedeyassnhamiotiniusmiwesz 1 mwizmnuavniavomiiu
» »
- Class B : aeadausnoziiu 10 i drunnvmuiniovioez1d 16 Gausn dniuszi
o . q.: ' 1 = o o & o 1
$ununTenw1dnanuna 16,382 150U dudn 16 TanivAossdumnonylead v lvug
azins ool Tead 1ANIMLA 65,534 (ATD4
‘ o A 1 ' = & o )
- Class C: iinFudwitiu 110 druvinuawniovivez 19 24 Tausn FavzldWanua
A [ = o R -
2,097,152 304w d2u 8 dagamodiuninaylead dalivanun 254 (ATeq
-] a‘ é ﬂa‘ o s ) i) o
- Class D : wav'lofiSududao 1110 Festlumylefin1dd msumsdadman nSodmsu
asdadoyauvuliTenduaomanawinios ude1vszagauasniovioiu
- dsznmgatwioaslefindududae 11110 Wumnuaylefiaau 14 uounn
winoiauimariiszgniimuald laoguidoyainTevs 5o InterNIC (Internet Network Information
Center)
seriu TN lunnoavleRudazyszinmestivanomnoaviaau 1316 msunsdidian
WU oy 0.0.0.0 x4 o Taad luvns s udlamTes v loRiTvunuavnsevwiiu o
- - v o a4 4 o a 2 w n
nanunez ¥ 1988 unTodwh Teadmiuey ivu S laadnisfimylofiu 172.20.1.24 Favzdnoglu
dszn B Taviiminomuneviodu 172.20 e Tsaansndanonyled 0.0.1.32 sxlinnumuny
) » »
wuRuI U@y 172.20.1.32 1udu daumnoiaylefifszaeudoay 1 e 32 fafuszgald
dwmiumsdadayauuuumingze (Broadeast) lunfetwiiug drumylefifiimnoaylsaddiu
4 & - Vo @ [ ' - o ' -
wiananuaiu e lddmiunmsasleyauuummsaszeolliunsovioiug iwas lew
€ ﬁ; ¥ o o 1y ] [ o A =1 r - 1
172.20.255.255 Wuravilddmsumsdweyauvuimsniznllda Teadyninfesieg lunsevio
172.20 uAU AUQUMI0 127 xxx.yyy.zzz JAUAY xxx, yyy e zzz sxiiuiaves 15714 (e
0" = o : ar L B A
Taoia ez ilon 19l udaay 127.0.0.117u vl dmiunisdadoyalifad e (Loopback) ¥4

deyaz lugndaeeniylumTevs ud TsamiuszdomiouhdoyariulaiuiunTevin
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2.4.2 BumpinindIMynAAUIABIIAMIE1T0IE (Private/Public Internet)
-:: - 1 ) o W e & ¢ o : - E] )4 =
Mshezoudensuiuresihivdumes miusuivedosdosvonmoaylofinn
& o= = @ \ o a o = ]
InterNIC Fuilusafnsfisuinveudortumsusnswnuiomylef vasdufinswiusudih
I] = ] d'l ci 1 = ) = - } [} n’ ar o n‘.: -~ t (]
nnviavloveaudnzinTestieglunioviRorfuszaos hisriu dutuduihunsovwdnynna
nhifinsigsuapdifudwneiiia founsoldvmnoaylefez1581¢ uazide1Zswenuiay
= = 1 p 1 . : 1.7
lofi91n InterNIC (fvaunfmun Inuay lofiveslead luntevio s fuinwe
' K A o - [ I [ ¥ oW oo ¢ d ° v
a1 15aw dielimsiFeudeinieiwdnapnadifivdumesiia orvezvildmuisayle
[ » ] » »
inldlunSedisdmyanalidrivlsadiogludumesilaud A 14 fahuieleamuilagmidand
v - . - =1 L]
83AN5 IETF (Internet Engineering Task Force} 1#Mnuanunoavlofivwnguldidhuninoay lof

duyAnn Aanalunisai 2.2

3130 2.2 mnevlefinSovwruyana

szan | odidiga lofigagn
A 10.0.0.0 10.255.255.255
B 172.16.0.0 | 172.31.255.255
C 192.168.0.0 | 192.168.255.255

a ' = S 4 1 oa /o 1A
Hll'lUlﬁ‘U'Vlllﬁﬂdﬂluﬂ'ﬁ]\lﬂ 2.2 ﬂ:lﬂunﬂ1ﬂlﬁﬂﬂ1n1ﬂutﬂ5ﬂ‘ll"lﬂﬂulﬂﬂin-lﬂ NaInD

winifinifimnoaylefifiee higndede Tavs wimesvesszuuduasiila drumnoarlew#

L) miw'lﬂllf’l"l mmmgswa:n‘i Uﬂkl'ﬁ’l’ﬁ hup.//www.jana,org/assigninents/ipv4-address-space

2.4.3 FUNiANAZ FUNTAMTA (Subnet and Subnet Mask)

= o«

S -] = = . 3y o o 3 =1 'y
wieanndume sy Taisunn iy wudvatunis 1gnunoaledt mszlulidh

[ L 4
Ao o

oy leAifiianun 32 da 010gnldnua1d Tufedealiiims Ininsedmuanuuaylof
3

)

Wiulsad 3

=1

= ¥ ¥ o = 2 - L] [) =Y P Aﬂ'o [y | Y
nian lsunilgminfe tivdnoudaldiuinndi 32 Us Faluvazisnd s wann
o~ o 1 & L' y k-] «~ 0y 4
Tus Tmnoalofined Fulmifie Pve F1luneiFuilozdmualyinuroayleffvuin 128 Ta uazidie
timsdseaalfudrdwaumnsas lefoslifvanosthaniuou uansnvzswinsasumetitald
M Ts TaneanefFuil IhiunadealdnaBaumesunis mazdumsnlfounasitlngjuin
[ o - | P W » =% ] o -‘ A
msutiadnia wiiusnituiianswlims 19mnoas Tefiinnuduawnndeiu ileann
' a z ] \ '
vy leRunadsznm iy aoe B siiland 1dianun 65,534 inFosda Taudmlnajudezdiv
insoviun ngiitu ludmivesdnsialu dniufain Ivusay Tofivnsdulignlgam ms
Funiadunsudilamiild Tasnsuiathunietwdes svimes e fiawzdmfidunoey
A . X v 8 P - a M1 Aaddg ¥
wsetoriniulumsfadumanSes mas dmdvuSiningqideanslnsevisdove:i3EAld

1 = ] (1 - v 1) oo e * a o . L=} . 1
uians e IngifidumievwioslauTsnG unir “Fuiia (Subnet” msjadhunTotwdonq
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4 o 4 o ar o - o & - Vo ] o =
HTB‘UUluﬂuu‘Uzgﬂﬂﬂﬂ11Tﬂﬂlﬁ'lﬂlﬂﬂ'j'H70lﬂﬂnﬂﬂlﬂ‘llﬂiﬂ‘u'luuuc]lﬂ']uu '[ﬂUYIIEﬂFIEJquElguBﬂ

nsevitivzusariunsevoilithuni et oo ayiniu

- 32 bits -
Host 1D
! SubnetlD - | Host ID
11111111 11111111 11111111 00000000
255 . 255 . 255 . 0

319 2.8 mavirduidla

m'suv'qtﬂ?a-u'wfﬁ"lnaflﬁiﬂum?mhudau ui R lasmsuiaavlofidmitdunuony
vosTeaduudumnoavveanevio dauaasugUdl 2.7 dududimndafeduaviinisdndou -
TruveaavloRiilumnuauiniovis nazdmlmudiuninoay Tsas sudinndassfnnun
pifumnoaylofife 32 Tn Frezududiouniveuay 1 GosfUUAAIRI0HOIUEEY 0 N5
fAnnumnsauniovissasezi 1 Taomsueud (AND) szrhamvFuinindauazninoaylof

TavAnoad (Default) udulimndavosmnuavlofudaznareuanaluaisief 2.3

-:: o1 v o « = [
A1519N 2.3 aveanminudaveslofunaztszinn

< 4 [ =
oy HAUITA ADALATUDN

A 11111111 00000000 060000000 0GO0C0000 | 255.0.0.0

B IIT11111 11111111 00000000 00000000 | 255.255.0.0

C TITITI1T LRDELDRL 11421111 00000000 | 255.255.255.0

2.5 msmlaadyanasmaenihifyeiudinen
- wdnmsveamsuasdyanueuaemiuddaea
1 nasdygrueneniiiudinea Tindnmaiaude wiidiveimsueqady
(Modulation) tyuWaduouAgaueaias (Puise Amplitude Modulation : PAM) (Hud 3 uéu uns
Tiewaseninniidiu PAM 1daiiu Tunssaseduifunumnomaasaoaniou nmsu
(Quantization) (Husva'luwui3 ﬁqmmamﬁum:q‘;uadﬁui'imauﬁmi’i Quantization 80N TAUISUN

» » »
FBmstidnind Inauoguadu (Pulse Code Modulation : PCM) Tautmnsnefuruiiudagi2.9 el



22

Veam
Vi 4

Do
T

Y
—t

Veam
y

11111111

b
00000010 11110000 11110010 11110011
00000001 [ l CZI$>
00000000 L,

U 2.9 msihsWenwy PCM

TuM3 Quantization 9 H3Emsneszayyldfe
1. SnszAuvoausafueani lnnmsquiaedia (Sampling) Tieglugvesssiuinniau
2" szdudagi 2.9
2. dwssiusziudquulauiudyeuaiasaimou o Sadagld 2.9
M3 Quantization Weifuagmiloufundrofe Wednanaduyminddun dermms
PAM v Iddygnaueninalidnuus hiderios (Discrete Signal) FuderinnuTuufvuiuduya

- a w & w o = & o oy a y 4 T4 o <
vianzgmiiouiuviniuladegyi 2.0 Sinivlamaiinhannufetesiusgiudiuauia
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r'y Vin

FIT I

A 4
—

31" 2.10 M 34 Quantization Error

B o

: . o 1 =] J L * t L]
'1u'uuﬂaumsqumame ﬁfyﬂﬁﬂllﬁﬂd'ﬂﬂg1uiﬂﬂ ITYY IUBUIADNVSYPANYUAIBYUI

. 4 o a - - a - ° 1 o e
AppIei HauedwsnsININAIMIL Samnumguiunuealuniadudivedesiinsqudosas il

setintouiiu 2 hwesnnudigegavosdyy auFvaiondndosilymive weifvad aaliasing) Ao

msgounuiuveIrnlaaiuvesdyy i Hiosnindvalieamlsznounituiiogsz i1 300-3400

L4 :. o 4 o o

%4 o A Vo - o o =
lasns nsuuawsmﬁqummsgmmaanhnum'lﬂumm‘mu 8 flaging

]
a =

VUABUMINAIDU Ty FudIHanTznURDAUMWYBITY Y 1T 18 na1afe

(L3

- - ' . » -
dygudsamdanindunszuriumsntou nduliTemarafivu Tl indy gnondosduntyld
o ﬂ‘lﬂ 1 i 4 1 é as ar .l::d | hd 1 1
mszdygudiisanegyalagramialdgnunudussavveadug s wswiud natavosss
v .o a 2 o z _— -
AINA uaziueUIMNURAROUITIINITULs AINYufImMsIIszAUYBInIsATBU TNl

$1uu Tindn

2.6 msmladyiuainemiudyarmonaen
- nannisveInisulasdygnuaseeaiuduanmueuiasn
s ladygudiasaiiufygrueuasniiuresiivhauniugiuiuasesalag
fyanuewaeniiudiaea Falindnmsiieg oy 2 ninmshedidios aoubiudu (Linear
Combination ) 11az815-y015 UaAABS (R-2R Ladder) TaofiiwaziBoadene Uil
osasFyna@dsaemiluiyanueruasniyy Linear Combination
2ennlasdyonuisaoaiiudys1me1a0nuuy Lincar Combination Rz 1¥ndnmsves
29955uii o3 11007 (Summing Amplificr) Tnumsuﬂqfhmms’huﬂmﬁuuﬂvfmmﬂﬁﬁfh '

anfunuuiBadudali 2.1
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Rf
‘*"-
R
_v’bl O M - ,_._Ov @
+
2R
-v,8 0 AN
|
I _—
I
l 2(!! -1 R
% bn A
C 'A‘"v

UM 2.1 nesulnedyyiuddaoalludyyiuou1aenuuy Linear Combination

P o - o o o a = & .
nngdi 2.11 aunsowssanuesdhuuudunesnda duleldioes (nverting
Summing Amplifier) 18 Tasuenfinrsanlunssiudaziinlaq o) dhy «17 Sasworovesreses
»
(1 -R/R AADALSN (b,) WuDIgein (b)

_2ijr ] .,
V= > b2

jal

FIYDUIT IAUANTING (Voltage Full Scale :v,) 1inaunts it 1 Taosmualdnniafiauilu
«1» §aviu i Vv, 9zUANNIAY
2R
" R
71[A (Most Significant Bit : MSB)

v
Taui b, Aedantdod iy
Tauti b, Aednfiiod iy 1ge (Least Significant Bit : LSB)
eslasfganu@dsaoailuduanaeinnonuuy R-2R Ladder
»
neswlasdyaufdnoadfudyausmasnuuy R-2R 92 19M8nN159992995 Summing
»

Amplifier Taumsiiamanuduomudunanavatodiu Ladder THHaudu R uaz 28 Tilounasy

$uaulinndeanisdagiln 2.12
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Vo

317 212 2esulaadyau Digital @i Analog UL R-2R Ladder

0IngUi 2.12 aunsadms iR s e iyaue s W laolasees ludau R2R

Ladder 1oy lugilaassiaiion Iy

2R ®R ®R©

To OPAMP

'i}— ——— AP

$UR 2.13 neniiiouvesgli 2.12

1InZUA 2.13 nsaies 1z Tasmsiinmsuon TuaiS uaaud Tum a2 llsuda c.c Taold

NRYHUBANIUU (Thevinin) Augilii 2.14
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2R ' R

AN 3 O
§ 2R v,
m’—-v bﬂ 2
. . vfbl'l
@ ©
2R @ R @
A O AAY o
g * —_ bn v_f + bn—] v_’
T 4
1 vrbn—l

sUf 2.14 M3 e Taoldasserdoumdiiu

91n3U7 2.14 auntsussiueniqamns o 18 Tasdiaunifiy

BRI PP
V= > 52

=l

Tauh v, fieussdudura (Jszuu 5 Taav) Aweausswuidumna (Voltage Full Scale:V,)

d e ¥ ] L P~ P - : i = 1 o
vinaunisi i laTasdmualdyatadieudiu 17 fafudt v, szdnuiidy

2R,v,
V, = ———
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2.7 y@WmI RCM 3720
gAW@U I Rabbit 3720 Yszneulufau usuiinees Tuga (Rabbit Core Module) uaz Tais1n
Inilila vosa (Prototyping Board) #4131t ailiou TUsunsumaaeu Rabbit 3720 590 18ens
DRNUUVIONNAIRTY
gl ianidm iy 55710 (TCPAP) (Huvosusin Rabbit Semiconductor 34
gaWa RCM 3720 (15Uiinaes Tuga 3720:Rabbit Core Module 3720) 14 Ta/sirmarnsunaustm
#2041 TAu{u Rabbit 3000 figuaurians1ia il
- ¥ Tsiwmnaes Rabbit 3000 ¥haud 22,1 MHz 191WiEse 3.3 v
- 1% 93910100 base T
- wuwANuudaY 512 KB/SDRAM 512 KB
- 56 WosAYUIU VO
- Tinesmeynsy 6 wosa
- 152 4@%m0a VO wein

] a ar LY. . | . = 4
- UTsunsudmivssynddmiuvianin fie lauilin & (Dynamic C) Fadhunmugu

S— S —
I
IZkHz [}11 MHZ|
tl Ethernet o5C ! osc ‘ - Customer-specific
wrx ‘ 4 applications
. SRAM RABE CMOS-eve! signals
Program | 000 s 7
;‘ Flg;h Level
..,?. _converter ,
: Serial
Flash Baﬂe Backup RS-232, RS-485, (rDA
i ri serial communication
_ l drivers on matherboard
RabbitCore Module T externar’s v danery

sUN 2.15RCM 3720




PDA-PDIS

MO—PAT
PortA
PCO, PC2 Port &
£Ct, PC3 (BerwtPoris . & D)
PG2-PGA
PEG—PAT

. fRESET,
STATUS,

P81, _ Port
SMODED, SMODE . L
4 Ehemat elgmhq E‘hpmu L

—

51 2.16 n151¥mpAr199 Yo Rabbit 3000

2.7.1 RCM 3720 A%noaduyauazie na

RCM 3720 1 52 auv;mamvjﬂ wial&idlu 7 wosa weianz 8 in Ui 11 12 Tauezdi 44

28

Ny rnufiu 184 einenasSu e ABPAQ-PAT PB2-PB7,PD2-PD7,PE0-PE 1, PFO-PF7,PG2-PG7

41
el o sz
P o o[ JPAS
P2 e ofOpaa
oo o[ TIpws
PFOC o o [ PFY
PR2C 0 o] PHIC
PBA o o[ ]PES
PEBTCl o o[TIPBS
PRAL ] o o[ pPFa
eFrr o o[ dprs
PCIAC2T o e[ PO
PCaPG3(]o o ]P0z
FEAC] 0 o[ PEY
PEAL] o o[JPE4
PG ]o o[PED
fowrR[]o a[Tlpas
P4 e ocJA0RD
RES[Ce a[TJpos
GHDLC e o7 vaar
GHNDILT|o o[ w5y
: Note: These phouts ere 83 $O61 0N |
i ihe Botfom Side of tha madule,
LN YO - itk

3UR 2.17 umaswazi@oayivea Ji




MM 2.4 LIITAIVIA VDY RCM 3720

TR

Pin Pin Naime Cefautt Use Alternate Use Notes
' External daca bus
_ ‘ _ ) (007 .
1-8 PA[T-0} Paralie] I'O Slave port dats bus External Data Bus
(SD0-SDT)
QDIA
9 PF1 Outpur
Luput/Output CLKC
QDIB
10
PFO Input’Output CLED
11 PBO Input/Cratput CLKB
. 1A0 External Address 0
12 PB2 Inpt/Quiput SWR Slave poit write
‘ 1Al External Addiess |
13 FB3 Input/Orusput /SED Slave portread
IA2 Exfernal Addrass 2
p
14 PB4 Input/Output SAD Slave Port Address 0
1A3 External Address 3
s
_ 15 PB5 Imm"ou:pul sal Siave Port Address |
S . . 1AS External Addiess §
g 16 }"B; Input/Guipur SLAVEATTY Slave Port Atention
: AQDIB
- ) T oW
17 PF& Iupur’Cuiput PWMO
AQDIA
i
18 PF5 Lnput/Ouzput PWHI
| AQD2B
AQD2A
0 |PF7 Tnput/Ouzpuc PWM3
21 PCO Onatput TXD Serial Port D
) Serial Port D
2 PCIPG?  |Input/Output BXDITXF Serial Port F
PP v Owtput ™C Serial Post C
e Serial Port €
21 PCIPG3  |Input/Ouput RXCRXF Serial Poxt F
. ” External Address 7
25 [PE7 DuputOutput 5CS Slave Port Chip Select

29



AT 2.4 LARIVIAGYOI RCM 3720 (AB)

“Pin. 'l PinName DetaultUae Alternate Use Notes
26 PES TaputOntput B
g pus INTIB
27 PE4 Tnput/Output I¢
INTOB
It /O Strobe 1
28 PE: Crutput
: Iput/Cutpu INTIA Intemmupt 1A
10 0 Strobe 0
29 PED ut'Outpu
Input‘Qutpu: INTOA Interrupt OA
30 PG? Input:Outpur RYE
Serial Pont E
= [31 PG6 Input/Qutput TKE
g 32 TOWR Output External write strobe
T 133 {fIORD Input External read strobe
34 PD4 Input'Output ATYB
Alfernate Senal Part B
35 PDS ImputOutpar ARXB
. - |Re fram Resat
36 /RES Reset cutput Reset input c set "w““’"r ' e
37.  |vBar
38 GND
39 -5V
40 GND

2.7.2 mst¥eunemipnudIvedleles (1/0)

30

Rabbit 3000 Ty auoansd (A0-A19) uaztiaad1 (D0-D7) Wdiswwioanuswuunras

1z SDRAM Ldunaiasvinadmsulon (IOWR) uazdunaae1vya a1 3ueu (IORD) mels

Aanefiuginsainiouen

wosavuau A mwsagnlfiffuamdnia To/Teninnisuenilaoasa (external VO data bus)

TaouonBunauazioiynesnsinadniondn wesaviuiu B (PB3-PB7) Aaunseldiiiuad

vadoyamouen lTAiswReriu

& =, ¢ o
2.7.3 ROIAYDIDIEDIIUA (Ethernet Port)

Programmable VO Interface iuguvesnisifounefuginssiniousnionununsesiu

anuzanquogdnyel Tasldmusollsunsuea’ld
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ETHERNET
1 b Iy
1. E T+
2 E_Tx-
3 E_Rxs
6 E_Rx«
RJ45Plug R4S Jack

3UM 2.18 n05A Ethernet R1-45

2.7.4 JduuunsesnuuY Rabbit 3000
. o ug [ o ar o Qe
Rabbit 3000 1A%Wanns eonuuy Imitum usdlszuiaraunzgamdadanadinuauia

IndifesduionSouifvuiuanlssmanadidug lashijduvvias Inssadavesueiauns

B oy as A .l o = 1) s
unudessImaosadrufiv Zso uay 2180 FalinmudmFuazlinnuudosluns 1ninunssy

a a o o ' o ™ o 4 Vb
WWulszingnmlasnisiiy 1 ludae 1 ood Taa dmsuyaidalmisaiiude 185 vuveans

wau laghtinnuadioiy 280 uaz 2180 Fadwdeanudls lunueauruyuavoa Rabbit Tauh

gAidavea 280 uaz 180 Wumusmihun ¥ lums@uuneausuvuduazilszulananuu Rabbit

inmsilaoumalulagflduu z8o uar Z180 uazdnymzHisTryYea Rabbit szgmbmumud

iU Rabbit Timiueyunis1¥lauriiniusg (Dynamic Ram) uamivayums 1auadnusy (Static
Ram) 1w512i51A19nA9 Rabbit 1114 DMA (Direct Memory Access) iM51z DMA liannsevi g
fuszuuduls

AnuiBounnn® vugamdaves zso dnesdszauilgniieamsiauveaning msiz
dulngjuesilgmiaemsunaunaumidild lunsniuny i6-dadis uazdmumsnunums

o ' ar a o 1
fudedoyalufineuvanenns e (computed address) Tasmwizluvmshaudnfudeyang

ar w s ar L ' o W ... ) o i =
Rabbit TUUTYU 4 5EAU TIHTUMITIADUAD AINIIUTINLY {Prioritics) fﬂqli‘luanum:ﬁmu

Yszdninmnlumsfansluseanimniaves dumialunisduneisw
2.7.5 WieUsza0aNE Rabbit 8 Dafumitedszananndy
Rabbit 3000 Tlsivenaes lAgneenuuu Tasldszuusngilszasnuoansinia (Object of

creating practical system) c‘?q'lummﬁ'ﬂtymﬁlﬁﬂ'lfu'luﬂnqﬁu'lﬁﬂ‘i‘:‘f’gﬂlmmﬁmjmﬁﬂ{

- Rabbit 3000 gneenuuulRTimsiaulaoh 4 szuu EMI oo uazidygmuiim
1NN 40mnzF T

- Rabbit 3000 Imstszuralasiimstmuagluuy msdanauasiinnunzinialudes
yafda Hidaugromae Ao danouwans Complier) uazlawoss (Library) Hiing$imaumn &
A151@3 01 Rabbit dmsuluTasaouInsames 186,386,8051 uas z80

- wdaeRu$1uea Rabbit ldmseeusudenlszfninmunziwaemseenuuylaglides

o «
p1ugUnIniniuuen
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- Rabbit 3000 Hferniouenld 2 ¥dgaiwun@n dmsuluase uas 3 ¥reduan
o o o = = ﬂ % 1y & - o o a 4
wim dndunsveu Fadhuve lanSoy denSvufsufumssenuuudyaauiinuas Tay
aandade A5 suhdwaoniseonuuumenin@os msudaiaboud o leia a1 (Solid data)
naznmstiensesveatoya msnfdvuilaswewadnivesmizsanuimanisolfiananh
4 4 . . . - . r
AsaiveIssuMsiataanuana l¥dygranndnuun liauias (Asymmetric Clock) 1
a o veh - o o - = =
grnuau lasdananinuuygrate RS vud s vudvnfuszoudaauuiRnude fiell
a = o d o v ok ¢ = -
s Inoleimsmunnuswadu 2 v Falrausoddunnuesa1d lusmudusiues
HUUA21u
- Rabbit 3000 a1u150119 147 3.6 Taar nSotounil uaauisoinnulan s Toad vudn
uazdl 1un1ah 2 ¥oa1ia (Second complete Bus) #IM5UMIMIULD KO mwisaniau1f Tag
weRHAFUMTouiUMI PONUUUMIAT AnvasAIrYYDIsE YU natAonmsAaunso ¥ aula
Taomiseonuuumstd 3 1aad uaz 5 Tad waufuiazaunsondndoalamnifvaiunis Tnan
& =t [] a LY é; 1 o« a' a
flgmiszuy EMI Fafinauininmiasanuiwenia ludeudeqinsol vo Adudmaunna
- Rabbit 3000 8199z Tsunsuainszuz Inaswlutams Inadya (cold-boot) eold-boot
@unnmsienasuuueynsy ueamiennduniad Smsi¥ouneivszumnieviviiniglFu
] a - o & [ . [] = s o ’ ’
HUBUIADS IR a5 0319 LAz AnAofU Rabbit Taukuduines (in
- Rabbit 3000 a3 eaansfugnsainisuen id§uann iedmsuasutadududi
dszunanadidug
- Rabbit 3000 Tuwin 8 Oa lunstszulana Tasll 8 Ta mdnianiouen uaz 8 Daadnia
mulu msizarshinudulvg ez 8 favanisuen wazieldgamdldiinnunsaiada
A5 IUH Ao szAN T Mo 16 Ua
' < P s =1 o L3
- alszreumousnvesiwgilnsaifinivs: Toniuaziivuiadn ezilsznovudionesa
pYyNTY sxUDFYYINEN IR30RUTIAAYIU WOSAVUIU WBSNAN (slave port) NISOBATHA

s 1udu

2.7.6 NINBUTUN (Tolerant) 5V Buyn

Rabbit 3000 TimsiauTasii Taadegszndng 1.8V-3.6V ua Rabbit 3000 aulngiaise
$u 5V Suwan sndu vt furiivireseoadiames Tuvafidyanuiivuin sv dalud
1 Tolerant d15iA210s13fd 1nRITH Rabbit axdlamsiiauiud Yo 'l8i/So0vea 5V tolerant fip
asIdgUnsalfifivina sv annseran 18 Taoduszuuaed deufieslAane Tnuasafy rabbit

Tag fimshaui 5v uasduyaimnsadnlddeddinnudedndegsznie 0s v2 v
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2.7.7 Weinoynsu

Tiwesaeynsy 6 wosa Ao A,B.C.D.E uax F wosnoynsiia 6 aunsoiiamuordlnsi
welidhs s dedoynvess uudygnunafinuinn 16 neinozdalasiaannsesanish 7-s
iindoya finfl o Wudausansa FagnesTlidhludusnvesdonan (message) WO3ABYNIN A,B,C
waz D szl Ivuadygannanuuyeynsy 'luTnuﬂf:ax%”m"f’numunmuﬁn1u’hu1lﬁa
%aTﬂsﬁa'ﬁ'Buuau’fmazaann111%”4}1'Jz-umf?iytg1mu1ﬁn11un1s§ams-umqﬂnmf2 F1 ATy
ns 1 dynemutRn e Rabbit 3000 Wdygauinisasimsdedoya szqaila 80 % vpaszuy
ﬁ'q;mummﬁmﬁgmnjamn 128 W30 183,750 bps NS 20Ty UMIANIA 22.1 MHz

wefmeynsy E uaz F annsasen iy SDLOHDLE Fagaluuves spLc pratiuayu
Tus TaneaBums1sa e 2 wesa

Fanun 6 wosasnsmian gy Tnunosalasindetivuinsas uns darady
Fyaundng wis 8 TaviinosavesozdeTaniald 7 Sause 8 In Tavhiimsaa nie Wifid 14
TaolBedt 9 Whuueamsa Taslmsasmm3oaumeunaai ludisnves donu ledesnsnam
TIumie

Tusunsumesneynsy sunsavendoyanineninainiianes vz filudgadnldunds
FuFafiddguindmiy Rs-489 msrziinsAomsuuymadion (Half-&upléx) Tiannsodaded

Tagasaaunszisdagaieldgndeennlal s19ziSoni1 uemnsailn (address bit) ndaninmidiiia

qaneduemnsada dnszgnianiududanya (stop bity ndis 1ddmsunsa 2 danga wse

»
- s »

wisatn d1nudoanisdalnoass

WeiABYNsN A,B,C.D mmnsamuidyenania lulnumeynsu 18 lunisvamIvua

L3

o =y

=1 ar » oo ~ - . =] L3
1 dyguesa Inndmzaiugudeyafidieonlauh nesaoynsuuea Rabbit 3o ginseinia’na

) »
FaomasmImaggautAn tuyusi Rabbit Sam3 o uuianiulisas Tunisdeoiens

o D

& & & & v - g o o w -
wutﬂuﬂsmuwaqsx'u'Uﬂ:nunauujtymmwm'luum:wﬂtytgmummmmﬂauqﬂnsnﬁmn

Ob. &

uq fsunnfigaveadoya sxgautisruueeniiu 6 dausuduiezdes IAVIA Y IR U

mousnAeFygruinuuunieluuu Tvuneynsy '
wosneyNIY A finnuannsetitry Avrunsoiiszuugaiin (cool-boot) TAMAInINNTS

Frmeineynsy A T wosnunAR g muRandmumswaL WsunsyTag Dynamic C

¢ - + ' - ] - 4 3
nnwesaeynsy I niwes Tnuaiuay MBinemsAadeiuuinasgumsomsdoya

2.7.8 sruufyanamwm
= —y - Qs L ql é r 1
pondiames annladl¥nTadanivuen viinvesnnuisedszviig 1.8-26 MHz M3
Ussutanadyyiuuiin goimuaninemnavel esadiames Tastin1ud 2 ivennuams

Hnrwdlasasa u3en1smisdan 2, 4, 6, 8 malszanadoynaesiauiifu 32.768 Kz
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FygnauIRnULABITIBA (real-time clock) BBTFAADT FMFUMHINAADINIMEad1 Tau

Und eoadiawmes eunsollamuldmsmuguuessoding

2.7.9 spaFiames 32.768 KHz dunn
32.768 KHz ooadiamosduna 1dgnesnuyuiitefiozs 0as 32.768 KHz lasnuznii ¥l

ar - ar

. . & 1 A ar = a4
aAUIUNID (Tinny Logic) muﬁumunumsnuuaqumqﬁ"lumnmiuazmmmgn 32.768 KHz

o o e o &4 = o £
pnlddmiy nuawmeldrsel 48 Tauniined Falivl 1T AL real-time clock (RTC) F4a11150

i 4
munazan1daasllsunsy

2.7.10 WOSAYHIM VO
= : v ] 1 = Y = [
Dvianun 56 nesauuu 1o Tasaseonitiu 7 1 uaazidulivue s Oa Taoligaanuy
A-G ulugjueanesalivawilanduluudazadioynsy duvuiu DEF Tanuansalums

o o« + - o 4
'Vl'ltlﬂl.lll.lﬂ'iEiz‘]fs'l.'[ﬂiuﬂ.lﬂ'lﬂﬁﬂ

Load Data Qutput Port

Load Clock
Timer Ciock——I

31U 2.19 (01 wAT DI dmiy wosavum DAz E

a' L & =X =T
Tnufialas (strobe) Wdanesndagninasin13ussamesianausn ud33amesozgn
dalldueniyesimmosuduionnaweidyauudm Tasdyaenninignion Iashieminya
woaInifiued Al,B1,B2 nie dynnennimsentiamsduz) FaanaTniwedilude 1dnSvnlu
> o o . v 4 * t v » = b d
nmsafuiadiminsonuguld Fwouwa ldgnmsdumisendeouduasinnugndeags Tu
¥ . » .
naniu uoHndindu (Application) fivzilsznoulfrodgounisindefoms vuwmanuniaves
WadueglatuuazmMsauuaAuomeT (step motor)
-3 v o =4 - & ar s
nBuyadallfimesnvunszgansoadisunmaa AvdU-Wiel deezdestuiadving

d = 1 4 9 o = = v - LY o & o a o
@niduuds dyagrauninitegseuunnn ozd lasia wadnisuen Tddaiadmolu
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Externa tnput ( )— D Q D Q Filtered Input

Peripheral
Clock

311 2.20 mInsoafyy uASnoavevIBuya

WEJ‘gFIQﬂ {Slave Port)

L =)

o 1 Ve [ - LA =
wosagnagneenuuulhinléiuTuswmresdrduqnieo i 19ty Rabbit #2duq Tinesa
[ »
annsmia1ddao nesauuiu A uaz wesadeya Taohiduni amnseewisiameine 3 S3ames
Asuudrnoudondumalduiein Siamesuenmsauazs1uléuiein stobe lumung M ld
a0 o - o o | 4 sinq o o =& =l -1 [V -L) o
Fatmod aunsnlieminadionesaldlasisSamesduRvamsndoumiiouy 38nmes Vo
Ta Rabbit #agn HAndn 3 i@umasziomwinthudunsoundy
. [ oo ¥ o P r-| LY = o o o ot
Rabbit §n A115081433a1A0T 1Ad 203 Ramesimilouiu milouiuiy 1o S8ames lu
= b1 a b = =S [ 4 [ - ool o=t ar = o oo 1 ¥ o

vuzivoyaithuidouadssimans udada Ui Imansdndmila Tuvariiduinnnselidagn
gwdeyaiid ) daumwduq szvenlddauni szuonnis lvavedoyauazdalilAeuoin daui

7 [} w [ - o A a oA o
woingnamnsadidioudygnu hldwumidenszdagiuun Meldlunsdadofomuunaingn

2.7.11 Auxiliary I/0 Bus

Rabbit 3000 Hyafdafivaomiemaddamizsaudwazmad vo madhis
wionmdeziiiuilssne | MB dau 10 siiRuiiilszine 64 kB 1O whlmsesnuuy
dnlszinanalaoldueamse uaz unrfoya yadudu Tnolddmfumissnnud wagidaves
Vo msuridoyauazueansa voundafimsudsBaiumioonnuuy Taeiidoulviisudon Javes
wirgnnusra vy sxlina13ngn (Critical Time) uaz Aua s alums Tvaagaimualay
urideyadinia vo

Rabbit 3000 SAdaR 1% TumIuiafa g3y VO uazvitonnud1wes Auxiliary VO va
anlFuiRuasuTlaomesngn wosavuiu A griasoul¥dmsy 8 unafeya wedavuu B a2 7
b @3ould 6 uaeansa doaldtumsdifygiuediaion s duain 16 1du Sumslfiud vo
@R Auxiliary D TaglnAssiiauuuauseumsiiau vo $n den wuioanu nssuuazilion
strobe FaEMaumavIA @ niunssmenesarnsaiiunvo T 14

msfnfegnsal VO My auxiliary bus sxauunyansolunts Tnaadmiu RoM
3000 fivlszana 2-3 91 AABINIMIAAADIIN core module Fi‘!ll.ﬁiﬂﬁ]{ﬂqﬂuﬁz 1o Taamnsouys v

14 waziavuionnus isianudeamsinniiawiounieuAdmsuanuannso VO msiz O
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finnumnsotdevuazinimniiiooni vavdeanud lusnaauiseviinuIaodsiaein
L3 & ar ; 1 o
EMI uazilyninisaziouveadygia 5V samunse vy 1o 1w Asid Buna Rabbit 3000

or & - ﬂ’ a 1]
ausasy sV ddgguihiildde

2.7.12 1!1‘15!.1!‘6{ (Timers)

= . oo - o 4 =
Rabbit U3ZUY timer 'H'ﬁ"llli3'IJ'IJ'[ﬂU!Ji‘I'ﬂJE1I'IﬂIEI'LIlﬂB{5Wﬂ'I'IJ 919710 32.768 KHz poarwia

u o

o

w03 M3A0 6 wziivwmeinnn 448 TuTasTurdi Suiiu'l 14 Teayjamnoauaamdeanisues
Ty wADT N Timer A Usznoudau 10 (h1iA11] (countdown) ¥11A 8 UAnaza1usas Inan
i my A J : 1 : - u’l 1 L} o
S3ameFeannsounmna 4u 2 Yu ezl 33mA03 countdown aunsadaa Taoutsmuinou
& L] 1 J J = 1 o L 84 = » o
@UFaBgIEnIn 1-256 19MA9IN 6 A1 Tndiweszualouir 1l sasimsdidyerunindmiy
oo I3 A Lo : d’ o & & ar G
SSomoinesneyniudmruniienn Simmedianun Muaungii Iifadwae i iwuasdoye o
- ] o = ’ ¢ 4 . 3 - '3 o & '
wiitatIniwes alns lud wofmeiyavuiu Timer B Yszneuda 10 damnmimed g1lianunsa
) ¥ 11 s P - 1 ¥ oo (3 ¥ & as o« o
Fouldusg 14 T35mmed Tavhivwa 10 Daaznffvudoy $133mees o 1dfmniines
w_ & ' ¢ o v & ¢ « o - o o A
lazWad Huseniyafioonin AniuInfuesannsogn lsunsuludueninafiduiaditos:
aadulaiviusunn wa‘dgnﬁs'Nnwmﬁm:ymmwnwaa'lnnmawqTﬂ'j"luﬁmﬁﬂasm‘mwm
woiAvIY MileuRUE M 9INBUADT SN Time B azaanlumsadeuasiinnufionslu

Fesvosna mazi gaTusunsuduanguny

percik Timer A System ) L
oerclk Serial E
— A & f———y :! H 2 ==
Senal B
|
percl?

Contuol Timer
Synchronized
— T cutpue

14 2.21 Tmilused
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AMSANIBRIDENSTIIE

3.1 vdeonlapzunIusINvoalnsaa vl
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RITRR
|
Low Pass
Tuinslviu _w"_’_,> Amplifier il ﬁ >1 2393 AD ;’J > ,
titer 1
usuiiniuga
LCD N
ﬁ > MCS-51
&KEYPAD v
fiudy
Low pass Power .
ﬁ 2 13eID/A ﬁ . __|" X d1lne
filter amplifier
uruinlugn

foug A
8KHz

] »
3 3. vdenlaezunsusanuealnsaniuil
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3.2 29950 e Ul

» *
udmiionszneudominesiuent 0.5 Sad uresniomesvadnug1dauls

eduniawinlanlilofived LM3soN vinuddns v 36 mSivauanafaguii 3.2

i ov
1N40oA

2U2M6
1N4001

GND

i
i

3 3.2 23esmnesuoudl

W -

3.3 1esinlasdymnaomasmilludwanadtaon

L3 oo

= d

Aduds Bunaveirses idedyaandesiinneinieesys ud Fuiludae uewaen e
il wsnasdyguewaeniuiiaeald Tedwes ADcosos uasindrgusuinTugaite
imsdadeyaiiulasiflgBumediin Tnole ADCoR04 axfidafuiindyaianaimiian cLK
R uaz CLK IN 2 nileedsedord v R uaz ¢ doiifnnsosadianaelusmmuddnnusn
f o = U(LIRC) 113 R = 10 AlaTeviy uas C = 150 Alavi5h sxeoadianfinand 606.06
Aladsad s10mnden (clock) gagafionnsovnmsudasidyanewasniufinoass1s
Uszina 73 clocks inTdAnsurtasdyanos (Conversion Time) 181y 73/606.06 kiiz = 120

TuTns2ud Aorlyzanw 8.3 kHz
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Anglag Input " Digital Output
O T b} Vin(#) a3 PO
—l—D.l uF IL Vin) pas 2o
l 8 | aGND DES 20
L \;"g' Zd vieer2 DB6 o
10 | oD par 0
L. ADCOB04

UM 3.3 2esnlasdygraouneniiudygudsaoa

3.4 nounlasdugnansneailudyanuouinen

]

Tudwsvesldsuasdygruftacailudaanueuaen ewladeyansvinlinduy

dudyarveuasnTave 1dndnmsulasdyauntaoadludygiuouiaanuuy R-2R Ladder

IOK SK 5K 5K SK 5K 5K 5K s Vo
A—1

L 12
= I0KS 10 10K IOKé 10K lOKg LM351

LL0s

Lse MSB

71 3.4 1esfasdyanudiseaiiudyaiuouiaon



3.5 290901509 NUDAIHIY (Low Pass Filter)
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doimsilasdygnudiseaiiudyaueiasnudaezAoaind 1g2995 Low Pass Filter

4 R 2w o - o
WohminsesdygnuanuiiBuazdmiannuigefialy Tauhinis1d op-amp wed 741 11

A L] -] ar L."3 C‘
{12295 Low Pass Filter Faifumsanisssuvuneniin Hames (Active Filter) WSUAUT 2 (second

order)

0.01 vF

o d‘ L. é - s
TSR IMUAAUIAADEHY AT INMSA NG I unS

E‘ljﬁ 3.5 2995 Low Pass Filter

1

€= ————
% 27 R R,C.C,

ving1l#i 3.5 senuuuln

1%

H

R, =15k

R,= 1kQ

C,= 0.0l uF

C,= 001 uF

1

Je=

2215%x10° x1x10° x0.01x 10 x0.01x10™°
fo=4.1kHz

marafivzienaNudinooWsyual 4 kHz msizANuBFEalY DY sEIIn 4 kH2
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3.7 konBANNL ALUNG

lumsanaoeziimsdmumlatomulaomsnamvnuielof usamsadaronialasmang
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h 4

Uﬂ_"m LED aarunduiuy

Fa A5y m ACK
' nduTUddheS un& LEDSU C}-

k4
- A‘ soBuw s 8kHz hi
dadoynenn port A
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145uud finz 1 1y
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NYATY ACK
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NMMINAADIUATHON INAADY

4.1 1esadedynnannim
feviimsaegaesmugyf 3.6 luundi 3 v W dyaennimiitinnwd s Aladsad

- =
urnanagUn 4.1

Tek Stop | [— - H—-ﬁ"”--- =7
.i[1$,,i .
: f : : : : . Chi Freg
Cr T e e o o 8.000kHz7
l ] -«
s 1 o ampd
. S.00 vV
ﬂL' } : Fofed -+ bt ohdrfeniopood ek
S). 200V ] M[40.0us, Al Chl s 2.80V
' 14 Sep 2006
ﬁ""lU.UOOOOS_; 00:47:42

110 4.1 dygriueiyannassadadygiauitm

4.2 2190INTVIT NI UAIMDAIHIU ( Low Pass Filter )
iovinsdinasesnsesdygrunutdwumnui idessuuy Budimsfleudag

Tanivwng 1 vpp il Taekon 4 vinsnlGeunmuilGSes 4 v idnadaansied

MTNN 4.1 HANTNAABINTT Low Pass Filter (iotloudunm 1 vp-p)

AT USIRUDINYN BN319010 893 19010(dB)
(Aladsat) (Tiad)

100 0.94 0.94 -0.5374

200 0.91 0.91 -0.8191

300 0.92 0.92 .1 -0.7242

400 0.93 0.93 -0.6303

45



AA UTIAUBIHN BRIV 81319018(dB)
Aladsad) (T1ad)

500 0.93 0.93 -0.6303
800 0.94 0.94 -0.5374
1k 093 0.93 -0.6303
2k 0.72 0.72 -0.8533
3k 0.47 0.47 -6.5580
4k 0.32 0.32 -9.897
5k 0.26 0.26 ~-11.7005
6k 0.23 0.23 -12.7644
7k 0.21 0.21 -13.5556
8k 0.20 0.20 -13.9794

L -

4. 3 no5ulasdyenvenseniludyanadinen (Ga)
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MAMTBAUULNTS Tuumit 3 sz idnesfndasdygueasniiudyg udiasadion

minareudismstouliamud lUAduyaverrsesilasdaunwewiasmiiv

1Awanisnaasifanrsian 4.2

(1]

o

Q131911 4.2 HOMINABBINeS asdyamewiaeniludyauAtnoa

useduoummendunys | Talnvoueninailg | useduiSmeamnina
(Taad) GLLE #5214 (grufv)
0 00000000 0 ‘

0.5 00011001 25

1 00110010 50

1.5 01001011 75

2 01100101 101

2.5 01111110 126

3 10010111 151

3.5 10101111 175

4 11001000 200

45 11100010 226

5 LH1n 255

dyIuATAeans
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4. 4 Nosnsdyanedirenllufyanaueinen (Fusy)

A " ] F-] - [ s o] 9 or
tiovntsaoglasmugn 3.4 uasvimsldruevinai Idninasesulasdayaa

ar = o - L o a
owaonudyaunieeaiinimsnlasdyauglsnd W lyfisuavesresinlasduaa
fmoadudygrueuiaen vz ldnanisnaaned 4.2

L]

Ch1 Fraq
t.731kHz
Low signal
anmplitude

Chi Pk-Pk
4,60V

Ch2 freq
1.677kHz
Low signhal
- amplitude
: : : : : : 1 Ch2 Pk~Pk
. : . : s - : ] 6.60 V

i I ST SVIDINE S I

M{200us; Al Chi S 2,90V
Jan 2007
:44:05

—
oo

W-+v0.00000s -

+ v - *
vy ldhgldygaeniyafi tdelidnuuziiuiu q lidelestudohdyyn
i y i = " a =
wniyadi Idoinmsulasdyeaiindnnasnsesniutdriuog 1dnoaug Uit 4.3 soedgyanuii -

< ] ] or AW v t & F ] QW n’l - d’
2 Fazmuwhldygrunlafinnudediesniloududyausa@uuniy
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[T L] o a == a aod
4.5 A1TIUTIVOYAHTHUNNINAYANVIHIUALIGA

-m ) .d’ - oo ar
4.3 dygiueniyannnsiadyguasaeadiudyyiueuiaen

e miyai lMnnnesulasdyguewnendudygudiaea

dieins@vuldsunsudaoldsunsulawlin & Wusviin luganedudaazmediusy

. Y ' 4 & may - ’ reia 24 oy
udrhimsdeyaldasluiindagifdmaau Taousuiinmaddiegiidweaiaidn

161.246.18.0 Tau1% lofiuad 161.246.18.38 daumadiusgiiatingsn 161.246.3.0 Tnul4lo#

ey 161.246.3.14 Taunnd vz imsuaaauos lovintsdudaz loRnadusy uazians

[Tl g ot & (Y o g oo ] ¥ &
voyanldasllugifinimuniy suenuiumduaveeumniiaihinsdaluazmediu

am130fuld Fwaawalddagld 4.4




=% Dyfamic C Version 9.40 - [Stdio]

Gllsmmannloelio

?w&g-a- t41.246. 16.50

endin aemu' Clo-slnq ng Fgmnln? socket. ..
usl inith
ng ucwrm os ng ng socket,.,
rmundncc MGr A osngndnonnngl-ntn.
[Errar sending dataaren oLing socket, ..
[GITOT sending datagran o309 a0 Tecoeh g socket..,
[ErTor sending datagrant oting and Tegoen 4 socket.. .
e rror sending datagrand o1if9 and recodnlag sockes...

W 4.5 uraswai Tdnsdddio himmsoiimsdedeyarnui nifayAi 14
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UM 4.6 urasnmvosulnlugavaziimsdedoyn

4.6 madadeyan q inunindagindousuiiniuga -

ioriins@ouTdsunsudae Tsunsalaudin & Musuin Tuganedudadiims da
Toyaldaalufinfagifinazassduniindadoya noldbsunsudisei3un (Ethereal) Too
AmuaTiusulinmefudalFleRueamsmuod 161.246.18.37 winmsdalddusus lofuoams o

161.246.18.33 vz ldnan1snaananugl

Quueocn €1

317 4.7 dioihmsdenrousvinlugadhfunsufined

50



- E

B Untithd} + Elberral

u-&l_rqamgd_ s-uum

5 . o N
auamu =11 x@& ¢ *‘Dii Edaaeni@vmEX
= . e
Beurce . Destneton Froled 1k -
161, 246.18.37 Broadiast AP whe has 161.246,18. 377 Gratuitous ARP o - J
161.246.43.27 are whe has 161.7246.18.337 Tel) 161.24%.15.37
161, 245,18, 37 ARP whe has 161.248.15.337 vell 161 245.18.17
ARp o hat 161 244,318,337 aratuitous Ay
" RS B cilcli PYRIE
L AR RO o %9 eATination Orci .49
CTODP  SOurcE poct MRS DesUination por
oo X" : “Bast fnnt for ;
_10 lbﬁﬂﬁﬂ- 140 . 286338, 37 g : u»g Destination.ports $¥39
FrIEELET: 4‘1«2‘533'1" -4 ! FEE DU ANATABN pOrLs: 999
'uxz.m‘ TVIELZAEYIR. 3 B P OWORE SERTHWNTION DOCL: 9999
s A3 26GI083 36, aiussr e LB DesTRREION DoCLi vIeY -
2 & s ASLLRRETRIT - 1108 ¥R GestTiation port: 9999 . FE
K 35 2856229 161 25,0837 e port: B39 Destitation porr: 9999 —
ACTIOREI6, AW 4BAR37 UDP  SOwrce port] ol Deprieation port: o
Tar T4 6437 Unk Fource pacty: UTSF Dyt tation porcs ms- :
18 T, 665138 181, 246.18.37 4o FoUrCe oL ¢ 0B SasUination porti 9999
) 5. 2K 05T, o oL 0L 24 £510. 3T, 161,,24!.1!_1: . KR SOUNCE BOCLS 34D . DMSCINGTION ports M99 - b e .
20 T, 659013 161, 245.18. 31 dcasl AP who has 181, 248.3K, 337 Gratuftous akp
A4 & AL 1 T e LT 2 T 501 1) ?‘“‘""‘“‘1 LK I W"“"‘mm A0 cHM LS IO BOC < 9908 Aol S
FLPTIANL: 162, 246,3%: 37, 161 29_§ 18,32 & pheT 5 Destination part: 9908 - Lo
RJQ.!”;” 101 UEXETT 16L2a6.13. 33 W uuru Port 9 Destination porr: 9209 - ' " —
: ’h.m &1 24E, FIUT o ACUIRARARIIY. WD Sharge porL SR Deukivation porti. 9599 - o
3 ‘1'1\—2'6’.“!! 37 1€1.248,18. 13 CHE SOWCE DT MODE Teriiidrien pofT 9999 -
¥ N? ﬂ‘!ﬂ! 361 246, Zl 7 161.248.18. 33 e TorCe por. ihd  Imstinabion port: 9989
oORe

EELT byces on t0 bytes captured)

& ﬂhlrﬂlt l'l' src: 181, 2!5 1! 37 (00:90:c2:cH:b21TE), O3T! 161.246,18,33 (00:14:45:1%:38:18)
0 Interaet Protocol, S 161.246.18,37 (161,246.18.37), Oat: 161,246.18.33 (8. 146.15. 33)
T UEE DATagram rrmncul Sre rort: 90U (9909), Det fort: 9090 (90H9)

. Pt 19 Ivtes; - -

Ui a8 mait ldnnTsunsuBisesGondipmsdauinifagafiondudsldusy

nngUlalsunsuBisesFuaszuendalszinnyealys lnnsafildvinns Andefuuazdauen

talefiueamsadunisiiimsdadeya lofitermns mimonanaznnuavnesat madudaas
o & g dd . =t = PR

musudluiitlulisunsulddmuadunesa 9999 wenniniilysunsudisesiSoadawendanam

smvesdeyauazdeyania q Hegluunnifialdsndae

4.7 audadaninda CALL Timadnsy
tiefimsSonldmedda dudziuduasimsdaioda caLL Timadnsuiouon

o 1 = t 2
TS unswiminsaaned
TSRS TMGAES T 1610M6.18.3% T 0P~ Spdrce portd 999§”m§ﬂrﬁﬁﬁrrxs&ﬂ:§spsa

23.2,574143 " 161.246.XB:37 ©  16G1.246.18.33 Source port: 9999~ Desﬁnatjpnm. 99

= g 161,246.18.33 WP  “Source porty
R 161,246.18. 33 Up®  Spurce port:
161.7246.18. 33 P  “Solirce port:
Lop

;i
16124618, 32 . .5ource port:. 9999...,De5z1maumm4..9993

B Frama 9 (50 bytes .on wire, 60 hytes captured)
@ Ethernet II, src: - Jkmicros cB8:b2:75 (00:90:c2:cB:b2:75), Dst: Giga-Byt_15:38:19 (00:14:85:15:38:19)
@ Internet Protocol,, Sre: 161.246.18, 37 (161.246.18.37), Ost: 161.246.18.33 (161.246.18.33)
M User Datagram Protocod, Src fort: 8999 (9999), DstiPort: 9Y99 (9599) . -
source port: 9999 (9999)
pestination port: 9999 (9999)
Length: 17
Checksum: 0x40a2 [correct]
Datai(9 bytes) i

¢ 00 14 8513 372819009-0 c2 c8'bZ 75 0B 00 45 Be
10 00 23 00 05 00 00 8f 11 «¢3 02 at f6 12 25 a1l fé

20 12 21 UEEPYEMURETSEANY, §9 50 54 45 4c 0d
30 1f 36 00 ¢3 08 00 da G0 00 00 12 7

3N 4.9 diedudsinsdamnifia caLL Tanad iy
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' P o ol
vnglurasdateyadia 9 veudindia CALL sufluuinifayszinngii ffeanos
o ¢ s o P P ¢ d d p
vianun 8 lud venwesadunia 2 Tud wesaraioni 2 fud vervuIRR MU IIVB TN 2 Tus
1 ol =t 1 ] 1 d. 1] A d“; =
unzdIMYDUFAFY (Checksum) Bn 2 Tud daussinfedoyaiioguudnifia CALL SalufE &% 00
= J r =i - ] = L3 = 1
Tsunsulid@ouiudumsudn “IPTEL” Tao 1" Tsviaueafuiiu 49 P Sswaueaditiu so, 1 i
swonoafidlu 54, “E” Tswauoafidu 45, « L» fswauoatidu 4c mudiostiaveums ugANT

o <4 4 . o
fnualuldsunsulufisifie cALL dadmualuTdsunsuiduay 13 mugiu 16 fio 0d 1

4.8 Afuneunduninin ACK Tmiad e

died iy 1A mmnifa CALL seduddaomsht W LED wsRauasduadudunisas 3
= = d‘l o o ) Y ¢ A e - 0 [ a o [] o of
i Weduswimsnaadadiiosuinsdnde IW LED sxdu uazmadudusziimsdadiniia

ack hlfvhudaievenlddmdmswimdouizimssudoyaudy

T 42 0.650762 - 101, 246.18.33 - 101. 086, 18,570 e UDP T EOUrCE § “Destinarion port: 0999

I "93°0,651072 . A61.246.18:33 161.246,18. 37 uoe ‘Source porti 9999 ‘pDestination P 9

L arv.esien 161,245,111,33 161. 746,17 37 uoP  Soufce port: 9999  pestination port“’“—‘99991
\ Qemapmiiirs -——-—-—-‘“-ﬂ‘ﬂ-m —Sr . BT, -

B Frame 42 (60 bytes on wire, 60 byres captured)
@ Etherner II, src: 161,246.18.33 (00:50:¢c2:cb:c7:d8), Ost: Giga-8yt_15:3B:19 (00:14:85:15:38:19)
@ Internet Protocol, Src: 161.246.18,33 (161.246.18. 33), DsT: 161.246.18.37 (161.246.18. 37)
H User. Datagram Pro‘r.oco1. 5rc Port: 9999 (9999), Dst Port: 9999 (9999)
Source port: 9999 (9999)
Destination port: 9999 (9999)
Length: 17

checksum: OxSBBO [correct]
-Data (9 bytes) : ERE - < henes, e O o oo g ermaee et
JOO0 00714 85 15 38 15 00 90 <2 cb ¢7 d& U8 00 43 Be Y - J E.
2010 ©0 25 00 26 00 0D 8F 11 «c2 e1a1f612 2111F6 B T T
2020 12 25 2r of 27 Of 00 11 S8 80 5] S AR S TP TEL .

2030 FEMEONIE c3 OB 00 da 00 00 00 1 - [

31 .10 diedusuviimsarunduuiniin AcK Tunredmda

. é A e
nngluaaitsdoynrie o voufiana ACK SadhaiinifalszinngRiGdnuuzvousa

wosmiloufuuiinifin CALL nazdnvesdoyatudumsudao “IPTEL” uas 05 Uauenda ¥iin

»
vowRnifaiidniu ack

4.9 Mudsdavinda DATA Tnednsy
& a a . a = o A '
dadmsuasundumAInIAnie ACK uaraud 14 vl 1M LED Aarteusni

o

audundeufivzSudeyalddudernsoddoyald




A8 222, smrnf Pl G LT R ) A
8 161.246.15. 37
30 2243\3304."-1 G 208 246 T8, 3?
mzsm:w-"'
B Frame 129 (10L bytes on wire, 101 bytes captured)
® Ethernet IX, Src: Maicros_c8:b2:75 (00:90:c2:c8:b2:75), Dst: Giga-Byt_15:38:19 (00:14:85:15:38:19)
& Interner Protocol, Src: 161,246.18.37 (161,246.18.37), Ost: 161.246.18. 33 (161.246.18. 33)
= User Datagram Protocol, Src Port: 9999 (9999), DSt Port: 9999 (5999)

Source port: 9999 (9999)

pestination port: 9999 (9999)

Length: 67

Checksum: Oxfdd? [correct]
DATA (50 byteg) o - e e e

T !ﬂ.w 24
161'145'15'13

000 00 14 8515 3B 19 00 90 c2 cB b2 75 08 00 45 90 ....B. .. ...u..E.
10 00 57 00 11 00 00 91 11 <0 c2 al f6 12 25 al f6 . %
020 fd 47 ;

030 e .

40 dd b~ 7.d

ogg df fd b5 97 dfv‘fd,abs 7|

s 4.11 Wodudawimsdarinda DATA UMY

& ¥ 1 ad d & 4 o oo ' 3
nguuansdatoyaniia q vewnniia DATA Futhumnifalszangad ludiuveadoya
1.3 v ¥
Yudusuday “IPTEL” uazsiudaorilaveamndainiiu DATA lufitiaugiu 16 uaaaii 14
“iu e P d o
wauiumugiu 10 e 20 a1 dmun I Tsunsy ddumnoavesasinfiafe 0o 11
] o - o, W o '
mnefriumndaiiduuinfad1dui 17 dwanuevedeyaie 32 uaudwavgu 10 iy
- -7y a Ao ' o . ar an . 7
50 lud wanAedeyadoeifurinnesuasdygnueuasnidudygudinoad i 50 Tug
o ' = ¢ =1 v o o H o aaala ¢
e ualuTusunsuBisesiSeaszuenanuurvesdeyaiamuaiiogluuinfngdfitife 5o Tud
oo (L] 1 = o w d d
Huludfdmuadiinig q durdsudoyaldun “PTEL” yiimumnifia dWumnomuvoasinie
»
Anugvesdoyalumsudeyasiu 9 lud Yeyaiduadn 50 Tudsumanua 59 lud
w e o o = 1 1Y o_ o =
lumsnaneslddunafidwurmnuavysainifaseinsSvatumuddunazinisgey
mevesdoyatios vuumuhifinadumsthdeyainlassuiiudyaueuinsndudmandle

fmualimedudadidoyansaaz so lud

1285953 876758 061, 24618757 T T 6T 26018, %Y ¥ob” T soarce port: 99907 Dastination port: 9998 i
- 130 224.830474 1 161.246,18. 37 161.246.18.33-3 4DP Source port: 9999 Destinatien port:
Faaarnidid 122 5 BILE 0SB B L 2460 Ber3F i el 6L e 2ABrd Brd3. - APt mSOURCE . OOIL L, 999G o DESTANALA N MOORTHTF0 e s

@ Frame 130 (101 bytes on wire, 101 bytes captured)

B Ethernet II, src: Jkmicros cB b2:75 (00:90:c2:c8:b2:75), DOst: Giga-Byt_15:38:19 (00:14:85:15:38:19)
EE Imernet frotocol, Src: 161.246.18.37 (161.246.18.37), Dst: 161.246.18.33 (161.246.18.33)
® User Datagram Protocol, Src Port: 9999 (9999), Ost Port: 9999 (9999)

Data (59 bytes)

3500 5514 B5 I3 3E 19 00 00 <2 CB B 75 GO 00450
700 12 00 00 91 11 0 c1 a1l f6 12 25 al f6
2 270f270f0043

7 df Td bS 87 gf df b?
fS 9.- 97 dd £f5 97 - bS 97
: ddp §

3UW 4.12 uamainifia DATA &1 00 12 Aoddudi 18




_’530_223"833471 ‘161‘2"36"‘1'8 37 161 2’!5 13 3]

161.246.18.33 (161.246.18.33)

6 Internet Protocol, Src: 161.246.18.37 (161,246.18.37), Ost:
@ User Datagram protoco‘[. 5rc POrt: 9999 (9999). Dst Port: 9999 {9999)

_bata (59 bytes)

[ Frame 131 10%, by‘tes on mre. 101 bytes: captured)
& Ethernet IT, Sre: JMicros_cB:b2:75 (00:90:c2:c8:b2:75), Dst: Giga-BYt._.lS 38:19 (00:14:85%:15:38:19)

€2 cB B2775 08 GOAY 90

0057001300009111 c0c0a1f6122511f6
12 21 27 Gf 270f0043 ;

df fd br 97 af fd b?
g; b? g? df fd 'b5: 07 ¢

31T 4.13 uamaufinia DATA #1680 00 13 fedAudi 19

wemsfudyeuihnsulasdyaafineadudygusuiasnussdoyadun

o

§1J‘lrﬁuwmmmﬂaasﬂuﬁmmmﬂﬂwaﬂmmumuunTuﬂamaﬁmmuéﬁmmsmmum 890D

(593 1A NA S YU IFIUI995 NI DI N TR mv'iwwamﬂ]

‘r

Tek Prevu | "

Chl Freg
.2.185kHe

Chl Pk—-PK
322y

Ch2 Freq
2.043kHz

Ch2 Pk—-Pk
6.28 Vv

L

W APPT IPAPR EFEPRPITIS SPEUPRP PR S ¢
i Al Chl /7 ~-600mV

~IM] 2005
20 Jan 2007

W+~ [2.00000us | 03:43:07
»

U414 eniveit W nindnifudiedvua T udadadeyaniiaz 200 Tud

R0V P00 v

Tag
CH 1 ; Sunag lnind s
CH 2 : dunagllniHdwsy



Tek Pravy et e s . . .
kprevul ke g
: : v ' ' !
Chi Freg
3.655kH?
Ch1 Pk—PK
6.30v
Ch2 Freq
3.864kHz
: : : : : : : 0.20V
ChiER JCh2[ 5,00V M100us A it S 0.00V
i e, 20 Jan 2007
w-~-2.00000pus" 04:47:06

o s gy Y_oow A YY1y o -
1l 4.15 iy ldnndwswiied mua i iudsdafeynnsaas 50 1ud
Ty

CH 1 : dunayylnifiduds

CH 2 : Suyagal lnind i

Tek PreVu |

Vo1 cht breg
& 3.257kH?2

Chl Pk-PK
4. 883V

d Ch2Freg
- 3.772kHz

- \ Ch2 PK—PK
]

7.56V

. ¥
PSS B

- 2.00V  M[200us: Al Chl S -3.44 V|

xxxxxxxx

o 19 Jan 2007
G+~ /0.000005 | 01:22:52

U7 4.16 w1 Idondnduilis Amualddudsd sdoyanssas 10 Tud
Tay
CH 1 : Buyagy lminduda

CH 2 : Bunagy lmnifd sy
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mnmmﬂaea"lﬁ'ﬁ1mmﬂaaan?;uuﬁm'Jut’faua“?;Lﬁu1uﬁﬂlﬂa§wwqﬁ’1udﬂﬁﬁ1nﬁdq
foyantrazéniusi q fulaossdiuldiudedsnfas 200 Tudyisavesdyeiuesinauia
muu'lﬂmnmumnwafmmsuwufmun-ummun;mwﬂmuumnﬂunvu‘lumnun donfuulvid
‘UBIJEIﬂNﬁ" 10 Tuazusadgygo lisesAadiou udndnfonn wandendnandmias 50

"hm mmu:ngﬂsNfrmtu1tutla~ﬂ'nim1uwﬂmuu"lﬂmnmumnunwaen'lnﬂmm Mmsaadoya

afaay so lud

4.10 MuFuaaviniia END Tlmsduda

y LY = = ] = ] o o q . o
lﬁﬂﬁ'lu‘iﬂ"l"l']ﬂ'l'iﬂﬂlﬁﬂﬂﬁﬂﬂﬂﬂﬂ:llﬂ'liﬂﬂllﬂﬂlﬂﬁ END lﬁﬂUBﬂﬁTu’fN']ﬂﬁUﬂlﬁﬂﬂT‘i

1
ARNG
T16867 19, 263054 S0 161. 246508733 "161.245.98.37 ™ Uop " TEburce portT D959 ~Destination p G999 |
46368 19:763942 151 246518, 33 161.246.18.37 UDP “Sdurce port: 9999 Destination’p 959577
‘19.264831, T161. 245,;8 33. 161.246.18.37 UDP  Source port:. 9999 Destinatfon port: 9998 7
EWARRZNAQSR57149 TRL. 4R - HR.=2T - 1R J4AR.8R a7 auno TuShrre | nnr T A-:a0ua . Natl s g P L PV O PE UM T, T . P |

& Frame 16860 (60 bytes on wire, 60 bytes captured)
& Ethernet II, Src: 161.246.18.33 (00:90:c2:cb:c7:d8), OsT: Giga-Byt_15:35:19 (00:14:85:15:38:19)
@ Internet Protocal, Src: 161.246.18,33 (161.246.18.33), Dst: 161.246.18.37 {161, 246.18.37)
@ User Datagram Prorocol, Src Port: 9999 (9959), Dst Port: 9999 (5999)
Source port: 9999 (§999)
Destination port: 9999 (9999)
Length: 17
Checksum: Oxebﬁd [correc:]
“pata {9 bytes)i - .

0000 00 18 85 15 35 10 00 90 c2 b ¢y a6 0B 00 4% B¢ B z
0010 00 25 41 bc 00 00 8F 11 B1 4b ai £6 12 21 al £6  .%a.,... . Keooles
0020 12 25 27 Of 27 Of 00 11 eb 6d ERTREEIITTE X' iR
0030 BT c) 08 00 da 00 00 00 12 ¢ Fr 1. P

51# 4.17 diedusuvinns dauininn END Tdmaedhuda

a

= v ' d g ) g o Ao
ﬂ1nzﬂllﬁﬂqn\1ﬂ01‘-‘|aﬁ1qqﬂﬂ‘ul“ﬂlnﬂ END‘N\“ﬂuu“ﬂlﬂﬁﬂleﬂ“qﬂ Huanuz 'UBQ'UI'J'.Uﬁ

5 3 ] = = o d A
‘Uuﬂ'l.llﬂillﬁ"lﬂ “IPTEL” uag 09 49U0N03 'nummxmnmﬂu'm"ﬂu END
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/&

pkt format
"IPTEL” , type, sequence, length,data

*/

kclass auto
#define MAX UDP_SOCKET BUFFERS 10

/*****&ii***i*iiii***i* IP Address & pORT *i*i**iii**i***ii&*i******/

#define TCPCONFIG 1 /* #define _PRIMARY STATIC IP "161.246.18.33"
fdefine _PRIMARY NETMASK "255.255.255.0"
#ifndef MY NAMESERVER
#define MY NAMESERVER "161.246.18.4"
kendif
#ifndef MY_GATEWAY
fdefine MY GATEWAY "161.246.18.1"
#endif */

fdefine UDP_PORT 9999
#define LOCAL_PCRT 9999
tdefine DEFAULT_REMOTE UDP "161.246.18.33" //destination IP

fmemmap xmem
#use "dcrtcp.lib™ //UDP Library

/*ii&***i*i**i*iii**f*** Constant **iiiii*******i&*i****iii*i*+**i*/

#define pktsize 1500
tdefine rxsize 1000

/***i**i***i*******i****** Tags ***f***ii****i**i*itii*i****ii****tl

fdefine DATA 20
fdefine CALL 13
tdefine ACK 5
#define END 9

/*i*ii*ii******i*iii*i*** Variable ii**i&*ji*ii***i&i***ii****i*i**i/

unsigned char segH; //seq num higher byte
unsigned char seql; //seq num lower byte

char rx buf[50]; //receive buffer

int rx_pt; //pointer for receive buffer

int pass;
int ready;

udp_Socket udpSocket;

/i****i*iii***i**i*tiii***i SUbS i**i*t*ii*****i**iii&i***+******ii/

void Lchannel({};

/*i**&i***i*i****i&*i*i* send packets **i**i*i*ii**i***i********ii**/



int send packet (char *msg, int len)
{
int retval;
retval = udp_send(&udpSocket,msg, len) ;
if(retval<0}! return 0; }
tep_tick (NULLY ;
return 1;

}

int pack_packet (char *msg,int len,int type,int mode)
{
char pkt([pktsize];

int i,3;
#GLOBAL_INIT
{ seqlL=0;
segH=0;

B

if {(mode==1) {

seqgL++;
if(seqlL==0){ segH++;}
}

i=0;
pkt[i++]="1";
pkt[i++]="P"';
PXt[i++]="T";
pkt{i++]="E';
pkt[i++}="L"*;
pkt [i++]=type;
pkt [i++] =seqgH;
pkt[i++]=seqgl;
pkt{i++]=len;

for(j=0;j<len;j++){ pkt(i+jl=msg[j]; }
return send_packet (pkt,i+len);

}

/********&*************‘r receive packets &*i’************‘**i’**********[

int unpack{char *msg,int len, int mode)
{
char pkt[pktsize];
int i;

if(msg[0]=='1‘&&msg[1}=='P'&&msg[2]=='T'&&msg[3]=='E'&&m5g{4]=='L')
[
segH=msg{6];
segl=msg[7];

if (msqg[5])==ACK)

{

BitWrPortI (PBDR, &PBDRShadow,1,7); //receive ACK LED ON
ready=1;

}

else if (msg[5]==END)

{

BitWrPortI (PBDR, §PBDRShadow, 0,7); //receive ACK LED OFF
}



int receive packet {void)
{
static char buf[128];
int rx len,i;

tcp tick (NULL);
rx_len = udp recv{&udpSocket,buf, sizeof(buf));
if{-1==rx_len}{ return 0; }

return unpack{buf,rx len,0);

t

/*****ii*i*********iiii initlal interrupt *******ii&*******i'}ii**/

vold intr{void)

{

WrPortI (PEDDR, § PEDDRShadow, 0x00) ; //set port E as all inputs
SetVectExtern3000(0C,Lchannel); //mapping the ISR wvector
WrPortI (IC0CR, &I0CRShadow, Ox00) ; //enable external INTC

1

/"r******‘i*ii‘#i&*i*i**i—***"r* main ilii**i—**********i****i&*i&*i—*-‘r**/

void main{void)
{
char *msg;
rx_pt=0; -

WrPortl (SPCR,NULL, Ox80} ; //set port A as input
sock _init();
intr{);

pass = udp_open(&udpSocket,LOCAL_PORT,resolve{DEFAULT_REMOTE_UDP),
UDP_PORT, NULL};

if{!pass)
{
printf{"udp open errxor\n");
exit(l};

}

while (BitRdPortI (PBDR, 0)==0)
{
ready=0;
while (ready==0})
{
pack _packet (msg,C,CALL,1};
receive_packet (};

t

if((BitRdPortlI (PBDR, 7}==1) && (ready==1))
{
while (1)

{
tcp tick({&udpSocket);

//INTO on PEQ,falling edge
WrPortI (IOCR, &§10CRShadow, 0x05) ;

//send DATA




if(rx_pt>=50)
{
pack_packet (rx_buf,rx pt,DATA,1);
rx_pt=0;
}

}

/i**i******i* External trigger Interrupt Routlne **i*i*\\—*******i*i/

nodebug root interrupt void Lchannel {}
{

WrPortI (SPCR, NULL, 0x80) ;
rx_buf{rx_pt++]=RdPortI (PADR);
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/1

pkt format
“IPTEL” ,type,sequence,length,data

*/

#class auto
#define MAX UDP_SOCKET BUFFERS 10

/**i**i***i**i*****i—iii IP Address & PORT *iiiii***************i&iI-*/

fdefine TCPCONFIG 1 /* #define _PRIMARY_STATIC*IP "161.246.18.33"
#define _PRIMARY_NETMASK "255.255.255.0"
#ifndef MY NAMESERVER
#define MY NAMESERVER "161.246.18.4"
#endif
#ifndef MY_GATEWAY
#define MY“GATEWAY "l161.246.18.1"
#endif */

#define LOCAL PORT 9999
#define UDP_PORT 9999
#define DEFAULT REMOTE UDP "161.246.18.37" //destination IP

fmemmap xmemn
#use "dcrtcp.lib™ //UDP Library

/iiii*&iii&iii&i*i****** Constant ir-&**t*********ii*i*i**i‘*i*ii*ii-&d—/

#define pktsize 1500
#define txsize 8000

/******"i*&****i**ilri-*l‘lri-i Tacs i"ii'*'**i-iir'l"il************f*********i*/
=

#define DATA 20
fdefine CALL 13
#define ACK 5
fdefine END 9

/ir***********ii********** Varlable '*I"lr'l'I‘iir*ii-ir**i******i************/

unsigned char segH; //seq num higher byte
unsigned char seqL; //seq num lower byte

char tx _buf[txsize]; //transmit buffer

int tx_ptl,tx_pt2; //pointer for transmit buffer

int tx_ start,bufsize;
int pass,ack,data;

udp_Socket udpSocket;

/I-'*****i******i*******i’***i Subq &*&4ti*i*iii**ii**iii*&*ii***&*ii*/

void codec isx{);

ook o ke kg ok ok W ek kR Rk ok h k o s + IR R ERE LESEEEEREEELESESEESEREESESS.]
send packets



int send packet (char *msqg, int len)
{
int retval;
retval = udp_send(&udpSocket,msg,len);
if(retval<0){ return 0; }
tcp tick (NULL}):;
return 1;
}

int pack packet{char *msg,int len, int type, int mode)
{
char pkt[pktsize+10];
int i,3;
#GLOBAL_INIT
{ seqglL=0;
segH=0;
}
if {mode==1){
seglL++;
if (segl==0){ segH++;}
}
i=0;
pkt[i++]="1";
pkti++}="'P"';
pkti++]="T"';
pkt[i++]='E"';
pkt[i++]="'L";
pkt[i++]=type;
pkt [i++]=seqH;
pkt[i++]=seqgL;
pkt[i++}=1en;

for (j=0;j<len;j++}{ pkt(i+jl=msqg(j]; }
return send packet {pkt,i+len);
}

Wk ok e ko ke ke ko o ok ok ek ok ] Wk ko ke ok ok sk e ok W sk ok Aok e ok ok e e e b ko
receive packets

int hnpack(char *msg,int len,int mode)
{
char pkt(pktsize];
int i,count;

if(msg[0}=='1'&&msg[l]=='P'&&msg[2}=='T'&&msg[3J=='E'&&msg[4]=='L')
{

seqH=msqg[6];

segl=msg[7]:

if{msg[5])==CALL)

{
Costate //receive CALL LED ON-QFF

{
BitWrPortI (PBDR, §PEDRShadow, 1, 7);
waitfor(DelaySec(3});
BitWrPortI(PBDR,&PBDRShadow,O,?);
waitfor (DelaySec(3)};
}

}

else if(msg|S5])==DATA)
{



data=1;

for{(i=0;i<msg[8]);i++)

{

tx buf[tx ptl++]=msg[i+9]; //keep data in buffer
bufsize++;

if(tx _ptl>=txsize){ tx ptl=0;}

if(tx_pt2>=txsize){ tx pt2=0;}

1

return 1;

1

int receive packet (void)
{
static char buf([128];
int rx_len,i;
tep tick (NULL) ;
rx_len = udp_recv(&udpSocket,buf,sizeof (buf});
if(-1==rx len){ return 0; }
return unpack(buf,rx len,0);

}

/***********i L A I ll’xitlal 1ﬂterrupt *v’k******i-**************/.

void intr({void)

{

"WrPortI (PEDDR, &PEDDRSHadow, 0xQ0} ; //set port E as &ll inputs
SetVectExtern3000(0, codec isr}: //mapping the ISR vector
WrPortI (I0CR, §I0CRShadow, 0x00) ; //enable external INTO

1

/iiiii**i***i***i*i’******** main **‘l’*******i*i*ii*i'ﬂr*'}**'ﬂr'ﬂr*****i**/

void main{void)
{
char *msg:
WrPortI {SPCR,NULL, 0x84) ; //set port A as output
sock _init(}:
intr();
tx_ptl=0;
tx pt2=0;

pass = udp_open(&udpSocket, LOCAL PORT, resoclve (DEFAULT_REMOTE_UDP),
UDP_PORT, NULL);

if(!pass)

{
printf ("udp open error\n”);
exit(1l};

H

while{l)

{

data=0;

ack=0;
tep_tick{sudpSocket);
receive packet{);

1f((BitRdPortI (PBDR,0)==0)4&& {data==0)})
{



BitWrPortI (PBDR, 4PBDRShadow, 0,7} ;
pack_packet (msg, 0,ACK, 1) ;
}

else if (BitRdPortl (PBDR, 0)==1)
{
pack_packet (msg, 0,END, 1) ;
}
while ( (BitRdPortI {PBDR,0}==0)&&{data==1})
{
tcp_tick{&udpSocket)
receive packet():
if(bufsize>200) { tx_start=1; }

//INTQ on PEQ,rising edge
WrPortI(IOCR, §I0CRShadow, 0x09) ;

}

1

/&*i***&t**i-* External trigger Interrupt ROUtine ****&*&**********/

nodebug root inte:rqpt void codec isr()

{ WrPortI (SPCR, NULL, Ox84};
if{tx_start==1&&bufsize>0)
if(tx_buf[tx_pt2]!=0)

$rPortI(PADR,NULL,tx_buf[tx_pt2++});
élse

{
WrPortI (PADR, NULL, tx_buf{tx pt2-1]};

Lx_pt2++;
}
bufsize--;
}
else| WrPortI{PADR,NULL,tx_buf[tx_ptZ]); }




&National Semiconductor

General Description "

The ADCO801, ADC0B02, ADCO0803, ADCQB04 and "
ADC0805 are CMOS 8-bit successive approximation A/D
converters that use a differential  potentiometric
ladder — similar to the 256R products. These converters are
designed to allow cperation with the NSCB800 and INS80B0A
derivative control bus with TRI-STATE output laiches directly
driving the data bus. These A/Ds appear like memory loca-
tions or QO ports to the microprocessor and no interfacing
logic is needed.

Differential analog voltage inputs allow increasing the
common-mode rejection and offsetting the analog zero input
voltage value. In addition, the voltage reference input can be

to the full B bits of resolution.

ADC0801/ADC0802/ADC0803/ADC0804/ADC0805
8-Bit uP Compatible A/D Converters

& Works with 2.5V (LM336) voltage reference

adjusted to aliow encoding any smaller analog voltage span Key Speciﬁcatio ns

November 1999

Differential analog voltage inputs
Logic inputs and outputs meet both MOS and TTL
voltage level specifications

On-chip clock generator

0V to 5V analog input voltage range with single 5V
supply

No zero adjust required

0.3" standard width 20-pin DIP package

20-pin molded chip carrier or small outline package
Operates ratiometrically or with 5 Vg, 2.5 Vpe. Or
analog span adjusted vollage reference”

Ordering Information

B Resolution 8 bits
u Total error % LSB, £ LSB and 21 LSB
Features ® Conversion time 100 ps
® Compatible with 8080 pP derivatives —no interfacing
logic needed - access time - 135 ns
m Easy interface to all microprocessors, or operates “stand
alone”
Connection Diagram
ADCOB0X

Dualdn-Line and Small Outline {SO) Packages

See Ordering Information

TEMP RANGE 0°C TO 70°C 0'c TO 70°C ~40°C TO +85'C
Y4 Bit Adjusted ADCO801LCN
ERROR 114 Bit Unadjusted ADCO802LCWM ADCO0B02LCN
14 Bit Adjusted ADCOB03LCN
1 1Bit Unadjusted ADCOB04LCWM ADCOB04LCN ADCOB05LCN/ADCOB04LCY
PACKAGE QUTLINE M20B — Small N20A—Molded DIP
Quitline :

Z-80% s u registered rademark of Zilog Gorp.

© 2001 Nattonal Semiconductor Corporation DS005671

www.national.com
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ADC0801/ADC0802/ADC0803/ADC0804/ADC0805

Typical Applications

v
() ]
:: [ Vee 2
+0) 15 cuk
:5 " CLKIN B 150 oF Ui
D LLLL ' L [ esiresoLumion
“ oe? GVER ANY DESIRED
12 > AMALDG INPUT
ANY - Sle o5 e L VOLTAGE RANGE
PROCESSOR .l :: o5 el OIFF INFUTS SEE BECTION 240
-+ oha i
<+ LN PP §_ SPANADJ
< LA P VREF fmmO $EE SECTION o =
1t "
+ 00 TGND 7
W
Q500567 1-1
8080 Interface
_.—.’o
Al fr——eeeep O3
N$CUOQ,
8080, WA e
-
£Te. oe—dmm
K DATA
D80055T1-31
Error Specification {Includes Full-Scale,
Zero Error, and Non-Linearity)
Part Full- Vrer/222.500 Vpe Vaee/2=No Connection
Number Scale {No Adjustments) {No Adjustments)
Adjusted
ADCO0801 14 LSB
ADC0802 +14 LSB
ADCO0803 +1% 1 5B
ADCOBO4 t1L5B
ADCOB05
wwav.national.com 2




Absolute Maximum Ratings (Notes 1, 2)

It Military/Aerospace specified devices are required,
please contact the National Semiconductor Sales Officef
Distributors for availability and specifications,

Supply Voltage (Vee) (Note 3)
Voltage
Logic Control Inputs
At Other Input and Qutputs
Lead Temp. (Soldering. 10 seconds)
Dual-In-Line Package (plastic)
Dual-in-Line Package {ceramic)
Surface Mount Package
Vapor Phase (60 seconds)

Electrical Characteristics

~0.3V to +18V
=0.3V 10 (Ve t0.3V)

6.5V

Infrared {15 seconds)
Storage Temperature Range
Package Dissipation at T,=25'C
ESD Susceptibility (Note 10}

ADCOB04LCY
ADCO0801/02/03/05LCN
260°C ADCOB04LCN
Joo°C ADC0802/04LCWM
Range of Ve
215°C

220°C

-65°C to +150°C

Operating Ratings (votes 1. 2)

Temperature Range

875 mw

800V

TriinSTa<Thuax
-40°CsT,<+85°C
-40°CsT,<+85C

0°C<T A <+70°C

0°CsT . <+70°C
4.5 Vpe 10 6.3 Ve

The following specifications apply for Voc=5 Voe, TyinSTa<Tax and feuc™840 kHz unless otherwise specified.

508000v/08000Vv/€0800AV/Z0800QY/L080DQY

Parameter Conditions Min Typ Max Units
ADCO801: Total Adjusted Error {Note 8) With Full-Scale Ad. v LSB
{See Section 2.5.2)
ADC0802: Total Unadjusted Error (Note 8) Virep/2=2.500 Ve +14 LSB
ADC0803: Total Adjusted Error (Note 8) With Full-Scate Adj. ) LSB
{See Section 2.5.2)
ADC0804: Total Unadjusted Error (Note 8) Vrer2=2.500 Vo 1 LS8
ADCOQB05: Total Unadjusted Error (Note 8) Veerf2-No Connection 1 LSB
Vrerf2 Input Resistance (Pin 9) ADC0801/02/03/05 25 8.0 kQ
ADC0804 (Note 9) 0.75 1.1 kQ
Analog Input Voltage Range {Note 4) V(+) or V{~) Gnd-0.05 Ve t0.05 Ve
DC Common-Mode Error Over Analog Input Voltage 116 £ 2% LsB
Range
Power Supply Sensitivity Vee=5 Ve £10% Over 1716 tva LSB
Allowed V{(+) and V,(-)
Voltage Range (Note 4)
AC Electrical Characteristics
The following specifications apply for Voc=5 Vpe and Tyyn<TaxT uax unless otherwise specified.
Symbol Parameter Conditions Min Typ Max Units
Te Conversion Time foLk=640 kHz (Note &)} 103 114 us
Te Conversion Time (Notes §, 6) 66 73 ek
feorw Clock Frequency Vec=5Y. (Note 5) 100 840 | 1460 kHz
Clock Duty Cycle 40 60 %

CR Conversion Rate in Free-Running INTR tied to WR with 8770 9708 conv/s
Mode €S =0 Vpe, e =640 kHz

bypwroL Width of WR Input {Start Pulse Width) TS =0 Vg (Note 7) 100 ns

tacc Access Time (Delay from Falling C_ =100 pF 135 200 ns
Edge of RD to Output Data Valid)

tome lon TRI-STATE Control (Delay C, =10 pF, R, =10k 125 200 ns
from Rising Edge of RD to (See TRI-STATE Test
Hi-Z State) Circuits)

barts try Delay from Falling Edge 300 450 ns
of WR or RD to Reset of INTR

Ciy Input Capacitance of Logic 5 7.5 pF
Control Inputs
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ADC0801/ADC0802/ADC0803/ADCOB04/ADC0805

AC Electrical Characteristics (continued)

The following specifications apply for Veoo=5 Voo and Tyn<Ta<Tuax Unless otheMise specified.

Symbol Parameter Conditions Min Typ Max Units

Cour TRI-STATE Output 5 75 pF

Capacitance {Data Buffers)

CONTROL INPUTS [Note: CLK IN {Pin 4) is the input of a Schmitt trigger circuil and is therefore specified separately]

Vin (1) Logical “1" Input Voltage Vee=5.25 Ve 20 15 Voe
{Except Pin 4 CLK IN)

Vin (0) Logical “0” Input Voltage Viee=4.75 Vpe 0.8 Voe
(Except Pin 4 CLK IN}

b (13 Logical *4° Input Curmrent Vin=5 Vpc 0.005 1 [TLV
(All Inputs)

li (0 Logical "0" Input Current V=0 Ve -1 -0.005 HAGe
{All Inputs)

CLOCK IN AND CLOCK R

Vot CLK IN (Pin 4} Positive Going 27 3.1 as Voe
Threshold Voltage

V- CLK IN (Pin 4) Negative 15 1.8 2.1 Voc
Going Threshold Voltage

Vi CLK IN (Pin 4) Hysteresis 0.6 1.3 2.0 Voe
(Vy+) (V1)

Vaur (0) Logical “0" CLK R Output 1o=360 pA 0.4 Voc
Voltage Vee=4.75 Ve :

Vaur (1) Logical *1" CLK R Qutput lg=-360 pA 2.4 Voc
Voltage Vee=4.75 Ve

DATA QUTPUTS AND INTR

Vaur (0) Logical “0" Qutput Voltage

Data Outputs lour=1.6 MA, Voc=4.75 Ve 0.4 Voe

INTR Output lour=1.0 MA, V=475 Ve 04 Voc
Vour (1) Logical “1” Qutput Voltage lo=-360 pA, Vi c=4.75 Ve 24 Voe
Vour (1) Logical “1° Qutput Voltage 1o=-10 pA, V=475 Ve 45 Voe
lout TRI-STATE Disabled Output Vout=0 Vpe -3 PAac

Leakage (All Data Buffers) Vour=5 Vpe 3 pApc
Iseurce Vout Short to Gnd, T,+25°C 4.5 6 MAnc
Lsimx Vour Shor to Ve, Ta=25'C 9.0 16 mAge
POWER SUPPLY
lec Supply Current (Includes foLk =640 kHz,

Ladder Current} Veee/2=NC, T,=25°C

and C5 =5V
ADCO0801/02/03/04LCJI05 1.1 1.8 mA
ADCOB04LCN/AL.CWM 1.9 25 mA

Note %: Absoluls Maximum Ratings indicate limits beyond which damaga to the device may occur. DC and AC electrical specifications do not apply when aperating
the device beyond its specified operating conditions.

Hote 2: All vollages ere measured with respoct 1o Gnd, unless otherwise specified. The separate A Gnd point should atways be wired ta the D Gnd.

Note 3: A zener diode exists, imtemalty, from Vg to Gnd snd has a typical braskaown vollage of 7 Vpc.

Note 4: For Viu(—)2 Vin(+) the digllal output coda will be 0000 0000. Two on-chip diodes are tied to each analog Input (see block diagram) which will forward conduct
for analog input veltages one diode drop below ground or one diade drop greater than Uve Vg supply. Ba careful, during testing af low Vg levels (4.5V), as high
lovel analog inputs (5V) can cause this inpul diede o conduct-especlally at eleveted lemperatures, and cause emors for enalog Inputs near fufl-scale. The tpec
allaws 50 mV forward bias of either diode. This means that as long as the analog Vi, does not exceed the supply vollage by more than 50 mV, the output code will
be comect, To achieve an absolule 0 Vpe to 5 Vpe input vollage range will therefore require a minimurn supgly vollege of 4.850 Ve over lemperature variailons.,
initial oterance and ioading.

Note 5: Accuracy Is puaranteed at fo x = 640 kHz. At higher clock frequencies accuracy can degrade. For lower clock frequencies, the duty cycle limits can be
extenced so long as the minimum clock high time Interval or minimum clock bow Bme interval is no less than 275 ns.

Note 6: With an asynchronous siarl pyise. up 1o B dock pertods may be required before the Intemal clock phasaes are proper to slan the conversion process. The
start raquest is intemally latched, see Figure 4 and seclion 2.0.
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AC Electrical Characteristics (continued)

Mote 7: The TS input is assumad to bracket the WR strobe input ana therefara timing is depsndent on the WR pulse width. An arblirarily wide pulse width will hokd
the converter in a reset mode and the start of conversion is inilizted by (he low to high trensition of the WR pulse (see timing diagrams).

Note 8: None of lhese A/Ds requires 8 zero adjust (see seclion 2.5.1), To oblain zarc code at other analog input voltages see section 2.5 and Figure 7.

Mote 9: The Vpeg/2 pin i3 the center poini of & two-resistor divider connacled from Vee 0 ground. In all versions of the ADCOB01, ADC0802, ADCOE03, and
ADCO805. and in the ADCOBOALCY, each resisior is typically 16 kD). In ell versions of the ADC0804 except the ADCOB04LE., each reststor is typically 2.2 ki).

Mote 19: Human body model, 100 pF discharged lhrough a 1.5 kf) resistor,

Typical Performance Characteristics
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ADC0801/ADC0302/ADC0803/ADC0804/ADC08B05
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Timing Diag rams (Al timing is measured from the 50% voltage points)
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Timing Diagrams (au timing is measured from the 50% voltage points) (Continued)
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May 1999

&National Semiconductor

DAC0808
8-Bit D/A Converter

General Description Features

The DACOB08 is an 8-bil monolithic digital-to-analog con-  ® Relafive accuracy: $0.18% error maximum
verier (DAC) featuring a full scale output current settfing ime  m Full scale current match: 1 LSB typ

of 150 ns while dissipating only 33 mW with £5V supplies. = Fast settling time: 150 ns typ

No reference cument {lgee) trimming is required for most g Noninverting digita! inputs are TTL and CMOS
applications since the full scale output current is typically +1 compatible

LSB of 255 Izerf256. Relative accuracies of better than
10.19% assure B-bit monotonicity and linearity while zero
level output current of less than 4 pA provides 8-bit zero
accuracy for lrgr22 mA. The power supply currents of the
DACO0808 is independent of bit codes, and exhibits essen-
tially constant device characteristics over the entire supply
voltage range.

The DACOBO0B will interface directly with popular TTL, DTL or
CMOS logic levels, and is a direct replacement for the
MC1508/MC1408. For higher speed applications, see
DACOB00 data sheet,

High speed multiplying input slew rate: 8 mA/us
Power supply voltage range; £4.5V to 18V
u Low power consumption: 33 mW @ £5v

Bilock and Connection Diagrams

usa o8
§:§nnnsunn
tu:::gvf CURRINT MUITCHES o
#.2K LADDIR l [-unncw}—ouuu
VREF() O
NPH CURRENT [—C vee
SOURCE PAIR
Yagr-pO—
AEFERENCE heeO COMPEN
CUNRENT AP
Vee
DS008647.-1

Dualdn-Line Package

J U
NE (ROTE 3) =] L comrensation
oo "—’-Vnm-n
t) L
Yee =1 [>=VREFI+)
Ig ~ = by
. DarsIn e
L 1) A‘—’ -EAI L
el L o
Ay L%
YLl LI
DS00sEAT-2
Top View

Order Number DAC0808
See NS Package M16A or N16A

© 2001 National $Semiconductor Corporation DS005687 www,national.com

432AUO] Y/Q 119-8 80800VQA



DACO0808

Ordering Information

Block and Connection Diagrams (continuea)

Small-Outline Package

Vet 163—an 150
iy (4}q2 15p~ a7
¥our (-}—13 tdj=—ab

CONPENSATION =1 4 13- A5

HE (HOTE 2}==5 12} A4
GHD—& 11p=A3
Y7 toh—A2
Kw—s A1 NSB
DS005887-13

AGCURACY OPERATING
TEMPERATURE RANGE N PACKAGE {N15A) S0 PACKAGE

{Note 1) (M16A)
8-bit 0'C<T,.5+75°C DACO808LCN |  MC1408P8 DACO808LCM

Note 1: Devices may be ordered by using either order number,
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Absolute Maximum Ratings (Note 2)

If Milltary/Aerospace specified devices are required,
please contact the National Semlconductor Sales Office/

Storage Temperature Range
Lead Temp. (Soldering, 10 seconds)
Duatk-in-Line Package (Plastic)

-65'C to +150°C

260°C

Distributors for availability and specifications.

Power Supply Vollage

VCC

VEE
Digital Input Voltage, V5-v12
Applied Qutput Voltage, V,

*+18 Vpe
-18 Vge
-10 Ve to +18 Vg
~11 Ve to +18 Ve

Dual-In-Line Package (Ceramic)
Surface Mount Package
Vapor Phase (60 seconds)
Infrared {15 seconds)

Operating Ratings

300°C

215°C
220°C

Reference Current, 1, 5 mA Temperature Range Traine S Ta S Traax
Reference Amplifier Inputs, V14, V15 Vee. Vee DACO080E 0 <T, 5 +75°C
Power Dissipation (Note 4) 1000 mwW
ESD Susceptibility {Nota 5) TED
Electrical Characteristics
Ve = SV, Ve = -15 Ve, VipgefR14 = 2 mA, and all digital inputs at high Ingic teve! unless otherwise noted.)
Symbol Parameter Conditions Min Typ Max Units
E, Relative Accuracy (Error Relative (Figure 4) %
to Fult Scale Ig)
DACOB0SLC (LM1408-8) +0.19 %
Settling Time to Within ¥ LSB TA=25'C (Note 7), 150 ' ns
(Includes tp, ) {Figure 5)
toci Yo Propagation Delay Time T, = 25'C, (Figure 5) 30 100 ns
TClg .| Quiput Full Scale Current Drift 120 ppmi"C
MSE Digita! Input Logic Levels (Figure 3)
Vin High Level, Logic “1" 2 Voc
A\ Low Level, Logic “0" 0.8 Voe
MSB Digital Input Curreni (Figure 3)
High Level Vi = 5V o] 0.040 mA
Low Level V, = 0.8V -0.003 -0.8 mA
g Reference Input Bias Current (Figure 3) -1 -3 HA
Output Current Range {Figure 3)
Ve = -5V 0 2.0 2.1 mA
Veg = =15V, T, = 25°C 0 20 42 mA
lo Qutput Current Vaer = 2.000V,
R14 = 10000,
(Figure 3) 1.9 1.99 2.1 mA
Qutput Current, All Bits Low {Figure 3) 0 4 pA
Output Voltage Compliance {Note 3) E, < 0.19%, T, = 25'C
Vee=-5V, Igge=1 mA -0.55, +0.4 Voe
Vee Below -10v -5.0, +0.4 Vac
SRlger Reference Cument Slew Rate {Figure & 4 8 mAJus
Qutput Current Power Supply -5V § Ve 5 -16.5V 0.05 27 pASN
Sensitivity
Power Supply Current (All Bits (Figure 3)
Low)
lec 2.3 22 mA
lee -4.3 -13 mA
Power Supply Vollage Range Ta = 25°C, (Figure 3)
Ve 4.5 5.0 5.5 Voc
Vee -4.5 -15 ~16.5 Vpe
Power Dissipation

www.natlonal.com
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DACO0808

Electrical Characteristics (continued)

(Voo = 5V, Ve = 15 Vi, Veee/R14 = 2 mA, and all digital inputs at high logic level unless otherwise noted.}

Symbol Parameter Conditions Min Typ Max Units
All Bits Low Vee = 5V, Vge = =5V 33 170 mwy

Ve = 5V, Vg = -15V 106 305 mwW

Alf Bils High Vee = 15V, Vgp = -5V 90 mw

Vee = 15V, Vge = =15V 160 mwW

Note 2: Absolute Maximum Ratings indicate limits beyond which damage to the device mey gceur, DC and AC electrical specifications do not apply when operating
the device beyond its specified operating conditions.

Note 3: Range conlrol is not required.

Note 4: The maximum power dissipation must be d d al elevated lemparaiures and is dictated by T ax. 634, and the ambient iemperature, T,. The maximum
allowable power dissipation at any temperature Is Pp = (T juay — TaW0ya of ihe number given in the Absolule Maixmum Ratings, whichever is lower. For this device,
Timax = 125°C, and the typical junction-to-ambient thermal resistance of the dusl+n-line J package when the board mounted is 100°C/W. For the dual-in-line N
package, this number increases 1o 175°C/AW and for the small outline M package this number is 100°C/W.

Note 5: Human body moded, 100 pF discharged (hrough a 1.5 kil resistor.

Note 6: All current swilches are tested to guarantee g1 least 50% of rated current.

Hote T: All bits switched.

HNote 8: Pin-oul numbers for iba DALOBOX represent the dual-indine package. The smaH outline package pinout differs from the dual-In-line package.

Typical Application

Vee W Al A2 AB
Vo=10¥ ?-FT'P. ..E
DSassA7-7]
n
5008
st A1 o-:- L o AAA————O 1awY - Ve
] 15 1y
nso—l- TO—NW—Tl [
DEITAL uo.:. oacom O =+ AP
TS &5 O—nl
ASO-'-I- ..‘..o..__a
A ::! 16 L
1 w1024 0 plieur
1 (X
¥ s -15v

CEU0SEAT.
FIGURE 1. +10V Output Digital to Analog Converter (Note 8)

Typical Performance Characteristics v . = 5V, vge = -15V, T, = 25°C, unless otherwise noted

Logic Input Current vs Bit Transfer Characteristics Loglc Threshold Voltage vs
Input Voltage " Temperature
T L !
- a 12 thasimA s 2
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| | =2 0.2 Y a4 i o 4
4 2 TN S e
0 o WL T TN I
[ %
—12-10-§-6-4-202 4 § L1012 000618 wIZ-Mh=t-4-20 24 5 ¢ 1012143518 .:_: 0
¥y - LOGIC INPUT VOLTAGE (V) ¥y — LOGIC INPUT VOLTAGE (V) P Ls5-3-19-1 97 35 81 M B3 1070z
0300568714 D300568T-15 Ta — TEMPERATURE {°C)
DS00568T-16
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Typical Performance Characteristics v, = sv. v = -15v. T, = 25°C, unless otherwise

noted (Continued)

Output Current vs Qutput
Voltage (Qutput Voltage
Compliance}

Output Voltage Compliance
vs Temperature
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Typical Power Supply
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Typical Power Supply
Current vs V.
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Unless otherwise specified: R14 = R15 = 1 kQ, C = 15 pF. pin 16 to Viee; R = 500, pin 4 to ground.
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Typical Power Supply
Current vs Temperature

POWER SUFPLY CURRENT {ma)

Reference Input
Frequency Response

RELATIVE DUTPUT (dg)

LX)}
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50
40
a0
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o~ a>

-B
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-10
~12
-18
~15

Curve A: Large Signal Bandwidth Method of Figure 7, Vrer = 2 Vp-p offset 1V above ground.

Curve B: Small Signal Bandwidth Method of Figure 7, R

centered at OV,

= 250Q. Vrer = 50 mVp-p offset 200 mV above ground.
Curve C: Large and Small Signal Bandwidth Method of Figure 9 (no op amp, R = 50Q), Rg = 50Q, Ve, = 2V, Vg = 100 mVp-p
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Test Circuits

¥, and |y apply 10 inputs A1-AB.
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The resistor lied o pin 15 is {0 {empersture compensata the bias curent and may nol be neceasaly for all applications.
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FIGURE 3. Notation Definitions Test Circuit {Note B}
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FIGURE 4. Relative Accuracy Test Clrcuit (Note B)

EARDA
{ivs 1y

DS005887.7

80800vV0A

www.natlonal.com



DAC0808

Test Circuits {Continued)
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FIGURE 5. Transient Response
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FIGURE 6. Reference Current Slew Rate Measurement (Note 8)
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FIGURE 7. Positlve Ve (Note 8)
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Test Circuits (continueq)
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FIGURE 8. Negative Vg {Note 8)

vs
L
A :
VREF
— l'li
5] s
[ 18
Al O=—r O ne
820 [ When Vg =0, I1g=2.0mA
A.'!O—:-
A O—1 pacosos |12 VREF Vs
¥, » —
sotl senies —Ovee  Vorl-m- R ] (4) %0
Al O—da
e ;
AS Ormrt —Q Vee a
o

P

D500SAT-12

FIGURE 9. Programmable Gain Amplifier or
Digital Attenuator Clrcuit {Note 8)

Application Hints

REFERENCE AMPLIFIER DRIVE AND COMPENSATION

The reference amplifier provides a voltage at pin 14 for
converling the referance voltage to a cument, and a
turn-around circuit or current mircor for feeding the ladder.
The reference amplifier input currrent, |4, must always flow
into pin 14, regardless of the set-up method or reference
voltage pofarity.

Connections for a positive voltage are shown in Figure 7.
The reference voltage source supplies the full current |,,.

For bipolar reference signals, as in the muitiplying mode,
R15 can be lied to a negative voltage corresponding to the
minimum input level, ! is possible to eliminate R15 with only
a small sacrifice in accuracy and temperature drifl.

The compensation capacitor value must be increased with
increases in R14 to maintain proper phase margin; for R14
values of 1, 2.5 and 5 k€1, minimum capacitor vatues are 15,
37 ang 75 pF. The capacitor may be tied to either Ve or
ground, but using Vg increases negative supply rejection.
A negative reference voltage may be used if R14 is
grounded and the reference voltage is applied to R15 as
shown in Figure 8. A high input impedance is the main
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DAC0808

Application Hints (continued)

advaniage of this method, Compensation involves a capaci-
tor to Vge on pin 16, using the values of the previous
paragraph, The negative reference vollage must be at least
4V above the Ve supply. Bipolar input signals may be
handled by connecting R14 {o a positive reference voltage
equal (o the peak positive input leve! at pin 15.

When a DC reference voltage is used, capacitive bypass to
ground is recommended. The 5V logic supply is not recom-
mended as a reference voltage. if a well regulated 5V supply
which drives logic is to be used as the reference, R14 should
be decoupled by connecting it to 5V through another resistor
and bypassing the junction of the 2 resistors with 0.1 uF to
ground. For reference vollages greater than 5V, a clamp
diode is recommended between pin 14 and ground.

If pin 14 is driven by a high impedance such as a transistor
current source, none of the above compensation methods
apply and the amplifier must be heavily compensated, de-
creasing the overall bandwidth.

OUTPUT VOLTAGE RANGE

The voltage on pin 4 is restricted to a range of —0.55 to 0.4V
when Vege = -5V due to the current switching methods
employed in the DACQ808.

The negative output voltage compliance of the DAC0808 is
exlended to ~5V where the negative supply vollage is more
negative than -10V. Using a full-scale current of 1.952 mA
and load resistor of 2.5 k(I between pin 4 and ground will
yield a voltage output of 256 levels between 0 and -4.980V.
Floating pin 1 does not affect the converter speed or power
dissipation. However, the value of the load resistor deter-
mines the switching time due to increased voltage swing.
Values of R_ up to 500% do not significantly affect perfor-
mance, but a 2.5 kS load increases worst-case settling time
to 1.2 ps (when all bils are swilched ON). Refer to the
subsequent text section on Settling Time for more delails on
output loading.

OUTPUT CURRENT RANGE

The output currgnt maximum rating of 4.2 mA may be used
only for negative supply voltages more negative than -8V,
due to the increased voltage drop across the resistors in the
reference current amplifier,

ACCURACY

Absolute accuracy is the measure of each output current
level with respect to its intended value, and is dependent
upon relative accuracy and full-scale current drifl. Relative
accuracy is the measure of each output current leve! as a
fraction of the full-scale curent. The relative accuracy of the
DACO0808 is essentially constant with temperature due to the
excellent temperature fracking of the monolithic resistor lad-

der. The reference current may drift with temperature, caus-
ing a change in the absolute accuracy of output current.
However, the DACO0808 has a very low full-scale current drift
with temperature.

The DACOBO8 series is guaranteed accurate to within £1%
LSB at a full-scale outpui current of 1.992 mA, This corre-
sponds to a reference amplifier output current drive to the
ladder network of 2 mA, with the loss of 1 LSB (B pA) which
is the ladder remainder shunted to ground. The input current
to pin 14 has a guaranteed value of between 1.9 and 2.1 mA,
allowing some mismatch in the NPN current source pair. The
accuracy test circuit is shown in Figure 4. The 12-bit con-
verier is calibrated for a full-scale output current of 1.992
mA. This is an optional step since the DACOBO8 accuracy is
essentially the same between 1.5 and 2.5 mA. Then the
DAC0808 circuits’ full-scale current is trimmed to the same
value with R14 so that a zero value appears at the error
amplifier output. The counter is activated and the error band
may be displayed on an oscilloscops, detected by compara-
tors, or stored in a peak detector.

Two 8-bit D-to-A converters may not be used to construct a
16-bit accuracy D-1o-A converter. 16-bit accuracy implies a
fotat error of £ V% of one part in 65,536 or £0.00076%, which
is much more accurate than the £0,019% specification pro-
vided by the DACO808.

MULTIPLYING ACCURACY

The DACO808 may be used in the multiplying mode with
B-bit accuracy when the reference current is varied aver a
range of 256:1. If the reference current in the multiplying
mode ranges frorn 16 pA to 4 mA, the additional eror
contributions are less than 1.6 pA. This is well within 8-bit
accuracy when referred to full-scate.

A monotonic converier is one which supplies an increase in
curmrent for each increment in the binary word, Typically, the
DACO808 is monotonic for all values of reference current
above 0.5 mA. The recommended range for operation with a
DC reference current is 0.5 to 4 mA.

SETTLING TIME

The worst-case switching condilion occurs when all bits are
switched ON, which corresponds to a low-to-high transition
for all bits, This time is typically 150 ns for settling to within
1% LSB. for 8-bit accuracy, and 100 ns to % LSB for 7 and
6-bit accuracy, The turn QFF is typically under 100 ns. These
times apply when R_ < 5000 and Cg s 25 pF,

Extra care must be taken in board layout singe this is usually
the dominant factor in satisfactory test results when measur-
ing settling time. Shor leads, 100 yF supply bypassing for
low frequencies, and minimum scope lead length are all
mandatory.
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