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Thesis Title PC SCOPE

Student Mr.Boontham Wanggajai ID. 45015853
Mr. Awut Homsoi ID. 45015881
Advisor Asst.Prof.Uthai  Sritheeravirojana
Graduate Level Bachelor Degree of Information Engineering
Department Information Engineering
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ABSTRACT

This thesis presents how to apply PC computer as Oscilloscope. The heart of hardware is
using microcontroller MCS51 to control A/D converter. The digital signals are converted by IC
ADC 0820 then the MCS51 send them to computer through USB port. The processing results are
presented by software Visual C++ program.

The PC Oscilloscope has 2 channels, maximum input 5 Vp-p and frequency  bandwidth
5 Hz - 20 kHz.

11



o\ o\
naanssndszma

b4
= d o Ao

a d ' d 4
ﬂsmuiymwuﬁﬂﬂﬂuﬁm%qma“lﬁ'ﬁ'aﬂ&ﬂuwmﬁmm%1ﬂmmmuzaﬂ‘mu (Y3 EA MNP

k4 «
=) (Y A

1 P} [ d‘d 1 1 ci o d’l Yas
Fromaomogatuveuiou q pavudlidiuin aaeaszeznmnilasenuil Taaldsums
Y] % v a ¢ A& Yo = = @ dy
avuayuIn WALgNY AT 1son dnesquauas ldamlinyudeidulassnulinasain uay
4 § a = { o a T
YonIIUUBUNsERAeIsINnnIUlunAI M ImIns sumsauman lddegeudmauiae 13
ALy
aL. NAY
y & a =0 Yg Y @ Y 2 a &

gaietlvenuveunszaada wsar fldldmsaduayuludumsnm  Bnna
A A v A Y o 3 aA 9 1 A 3 Y o @
3@ 9 o 9 ednhdldduinlaganen  sauvisgnAnRdesnunasauyiguasicala
Y
A

AAUDU

weyysssn  Jamle

WWB175 voud3oy

1




=
UNN 2

a
Unn3

a3ey

A
1383

uNARLe 1ng
UNAAIDDING Y
Aeanssulszma
GRERILY

sty ginm

AIVYAIN

YN

Y

o o
1.1 anuiluuuezanudifey
ar 4
1.2 Ingilszaed
1.3 Yo uvaupd Ing 99

E4
1.4 YUADUNITAUUUIIY

ﬂqyaamzﬂf\’nmi‘v‘inmmmm"?mﬁ%meaeea%haiﬂﬂ
2.1 Snvazmsihauiallvesdinenseadalaa Inl
2.2 YBUAAMIIA

2.3 MIguAIDE1BIRTARRRBAT lad 1nl

2.4 %uﬁl’éluﬁﬁﬂmitiuﬁlﬂfhﬂ

2.5 mautlasewaeniludiaea

2.6 tuniatuazdanimsgudieens

2.7 MNWSIWUBIITUE USB

2.8 dnmmzmsiaun ljvesluga USB

MIIATIZHRIAZ NI
d A
3.1 udon laszunsuyssnae Inl
L o a an
3.2 maudasdganaeasniludyyiunanen

a g

3.3 manaugumsdidoyavesluga USB lag MCS-51

11
I
v
VI

VIII

11
12
14
15
20

24
24
25
26



CRNLNGL)

A L]
15949 Wi
NN 4 MINAALINAZHANIINAADY 29
9
4.1 TUADUNISNADDI 29
4.2 HANISNAADY 34
d' =y d
uni 5 aslwanmanasewaziaisel 43
VITINYATN

) b7 a
MANIN 1. ANBMSIFNY WY alnil

MANHIN Y. Data Sheet



a1suusdmn

€
pr=d
S

1 ANHAUZYDINSINABIRLAT

71l 2
319 2.2 nguMsasaunsn
317 2.3 matiamsgualedauuuae vesrIneaseada lac lnl
= 3 1w 1 o a o3 o w
317 2.4 wanesnINMIFUAIBINTYRIUBUNNUDDRIUAIAY
a a 9 @ I~ [ an =
s 2.5 msaeuless  Tesldsesulasdyanasumasniudyguasaeal

o o { @ 1
ussdneasniumugIuTeINsEAIAIe
< 3 s
51U 2.6 urlawasunoIINos
~ o o 1 = o af T
317 2.7 190095 HAZANNELDIAYBITAND I NUA N

1

1% 2.9 1/dn USB @feynsu

2.8 18N USB fralluoynsu

Qe
=$h.

.

awt

~ o ¥ v < d 1
gﬂm 2.10 MmNy [dneutinmesunazeynsy

@ (=1 4
5ﬂ 2.11 MFIAINNVIVDIABULIUAMDT USB

1
i
1l

~ o [~ A
19 3.2 1vsutlasdyanusuasniluainea

&

P
=D

2.12 laezunsunmdmsunsemdeyainTuga USB

2.13 leezunsunardmiumsidoudoya 118 Tuga UsB

eaft
=b.

3.1 Uﬁ@ﬂqﬂﬂwtlﬂiuﬂlﬂﬂwcﬁﬁiﬂﬂ

&an
=

&N

51/% 3.3 @A flow chart M3deoynvoeluga USB Tay MCS-51

517 3.4 29s0smsdadoyadifl Mcs-s1 Sudanaungu

1
1
1

3 ~ = 3/’ 3 o
51U 4.3 madengtuumsdurouinzindslasines

&

aen
=h.

3.5 31vImsihauvesnsulasdyanauazmsdedelya

=

o 4 4 o ] ° 2 = 3
131&1@]’3@15’3%WU815QLL')511&N LLﬁZV]WﬂWﬁLﬁﬂﬂEﬂLLﬂUﬂTﬁﬁﬂ€°'N

eaft

4.
kY A o = 3
4.2 M3AUNI Directory ¥84 D2XX Direct Drivers INONINITARAEN

ol
=5D.

b

D

A a o Yo . .
‘;J‘]J‘Vl 4.4 ﬂmaaﬂcxsummqﬂﬂmmzhﬂu D2XX Direct Driver
= . o g Yo 4 o
517 4.5 M311 Directory 1A519035 MU

- P A o A o q Y P s
519 4.6 uaaelasasnmeziinsaadsliinua st

&

v 9
51l 4.7 msdadeTalsunsuveslasines

A = a o ¢ ¢ @ a oy y
E“]_ICVI 4.8 LAAIDNINITAARNY nlﬂﬁl')ﬂi IETAUTEUITOULLA

VI

10

12
13
14
18
18
18
19
21
22
24
25
26
27
28
29
30
30
31
31
32
32
32



My glnn@e)

~ s oA A g
317 4.9 Usemsesanasngnmdmn
717 4.10 Sadyanadmdounanud 20 Hz Aealneavedda laa Inll

:nJ‘n 4.11 Sadaanadmasuinnug 208z 420 7d ol

U o e

QRNAAIaEN A NG 100 Hz drefineasoadalaalny

U uu

ﬂﬂmﬁLﬁﬁﬂﬁJﬂﬂ’J']ﬁJﬂ 100Hz ﬂ’]fJ N o layl

a

e
sl
=
N
—_
w
oJe
E

2

7107 4.14 Sadaanamamiouiinnud 500Hz ArwAsaoaseada laa Il
s 4 = Y aa
WENUHATLNAMYED 500Hz A28 W o Tal

Yooy
~ @ o oo -~ 9 ey =Y
719 4.16 Jadgaaumeunanud 1kHz drehvnoavodsa laa lail
Yoy

D

@ o = an =
17 4.19 Jadyanaaoinanud 20kHz AroAsnoaooasa lad Ial

-]

. 3 )y .
119 4.20 Saduanusetinanu 20kHz e A o 1ail

g g

Qe

A Y% A ~ ~ ~ [ 9 aa =
51N 4213 dyanadivdoniinnud 2kHz 2dyau AenInoaseadalad lail

a

L

519 4,22 aduanadvaouiinnud 2kHz 2dqena aae JF o lail

&

~ o @ ol 2 @ an a
511 4.23 Sadaanuansiianud 10kiHz 2dqa Aealnoacedda lad ln

o g

&

o

P v ow o= A 9 A A
517 4.24 Tadaanaaoiianud 10kHz 2dyann Ao WS o 1y

Q 2]

VvII

33
34
35
35
36
36
37
37
38
38
39
39
40
40
41
41
42



ARSI PRN

= v 3 4
M13199 2.1 MIINFYYIUVBIVINDUAINDT
A15199 2.2 Aaa e dmsumseudeyanluga USB

A1519% 2.3 Mnme g dmsumsi@oudoyain Tuga USB

VI

19
22
23



1.1 aneilusnuazanudn

a Y o { o o ad o 4 a = o
seadalaalntifluniesiefafidrdamedudidansedind iosnnléiauazingzy
anvazgrsevesdyanalifieeg 18 uailosnnesadalaa lnddisimaeudiaunnnisen
v dy 9 @ :;l KX o ~ o o &£ ']d_] o
unmMsFeun e asiuaainaus Inssauseasalad lnduuaounuess  sutlunistiuel
a o o/ U @ ¢ o o f A A A o o
aouumeslszgndlFnuswdugdnsainediuasanns monaunuaisdiodadyanamia
a o o P T 4 o 4
AANIToIUNANLIIIMUNE  wazazanaemaadoudie 'l ldnuusnaauianse sl

A Y a Sy Y
nﬂﬂﬂﬁWN]ﬁﬂi“ﬁﬂ@lﬂW?lﬁﬂi ]lﬂ

1.2 Yagalszasn
1. iveldneufiunesseandifhuniedietauas sz daanama i
2. i landnmsinuveseoagalaelnl
3. gnsnih hhlszgndsuduneuiuees iuosadalaalml

[ ¥
4. iiwollszndadunulumsdosoadalaaIny

1.3 Yo uunvelnsIa
1. Hardware - aunsautaidyanaeusenlfidludyanaudtnoa
-amnsndald 2 vesdamnm .
- dedganaudhgnouiunes Taskunanesa USB
- mmmiﬂﬁﬂﬁymiuémmmﬁ' 50 kHz
2. Software - uaraswaliiugldyanainnan 14
- gunsodensosdggulumsiald

a

- gnsalfumunaazussiuie Ifazaindemsiadyanald



1.4 FuneUM IR T

1. fnunilynuazdaiidesns

2. 3R 12HUAZ OO NILUUNIA Y Hardware
- PRNUULNITHAENAABUMS 15U
- 152U Hardware

3. AATITHUAZBDNUUUNIAY Software
- Interface J1/5UNSUNY Hardware
- FIUVDINMSUAAING

4. nagoumamnanuuazliuilye

- NAABUNIT error



UNN2

nquilaeialy

2.1 dpyazmsnaunldvesidneassadialaalail (Digital Oscilloscopes)

AInBaoedsa lad Inl Tasumseenuuuldtlaanuaiviselumsaevauosnu

2 T o =) . A 4
doamsvesd ¥ Fa'luaunsoi 181y ouneneeadalaaInil (Analog Oscilloscopes) 1Ay iiag

Tagfanuuana iU IUsznIN owaenoeada lad lnlfudlneaseadalaalnl sgngluuy

Yosmafuam ewaeneeadalaalnl 1¥nalnlumadugadudsldvasa CRT Taswaen

3
r=}

A oo 0o qQ Yo da & v 2 & ' <
ihiifienwaunsoilddganauifeiu aunsouaaiwalddvariiainiy  limunsanu
1 aa a Y T 4 o a { [~
dludeyald drunineaseadalaalayl szgudiediagaaudygudunm Inpu) wfasuiy
~ . Y o 1 = o a I<
uuu'lunn3 (Binary Data) udadimsaeliuaasnamevenn lumsnldeudysadunm 11l
& o § o =] v & aa a
wluuSiu Mildisddeyafiecansathuuiu B8 duiudiaeasoadalaalal Jeawse
v ¥
i mvesdyanaiia lduuaainalmidanie Taelidoshmsiadgygadunning
aa a ' o 9 < ! ' A
Anoasadalaalnl eunsautsnszuaumslumsiinuldeenidlu 3 ¥alngq fe
v v oW T Y a o3 a an v o 1
Freveamsguietudyanadunn vwlauiudygiaaiaes, Feveamsiudeya o 139
YDINFUTAINAYDIT YYD

3
a =

2 A Ay [ <3| as Y < o V@ [
Sudedieldayanudunn Fulludludyanaeuiaenilowdnn Awziimsguiiedi

q

voadyann wazshmsneulad (Quantizing) 1w 1R IS 1mIuvegaUT AN MMNTTAVNIS
doams it Idazgnaellfnaslasdyanunnewasniiudyanufinea (Analog to Digital
<] { [ aa =) . =} a s {
Converter : ADC) Mniflursesilddyanadiaea 8 da (i dezldsedvvesdyananulas
o q’/‘ { 1 < o .
sanm 2° w30 256 seRu  Fumeufinanugnmuauanus lumsiaudiegiuna (time
a LY £ dy 0. A  w v d P A ! '
base) 101U dgrunmilzduiladganuiad (Pulse) NUANVANHMINZaY lumsgudleds
[ v o A d Y a 1 o @ a Y 2 ﬂ
nazazdludidmuagana ivaiilugadedemnion lnduesdyanadunndis sutlugiunm
aa Aa ~ o Yy a o A 3
wuudlneaniauismssgann uazlfdunadrddumstioueesases miignulauily
dinea azoglugtiuvesdeoyauuuvuu udnzgndalids dulasdyanauieulasdayao

TWoglugluuueynsu Tavld USB (Universal Serial Bus) Module (Hudumlas udawiimsdsly




[ o A o v o a o & Y ~ o o3 o o <
gINDIA (Port) USB IWONIMITHUUIADUNAUADT e lH ldsunsunaununo s uaivansiou

@ R VoA Y Y 1 a o
uag ‘U‘l.l‘Vlﬂﬂ'l‘VIllﬂllﬁ’.]ﬁﬂﬂ'lLlﬁﬂ\iNﬁV]Nﬁ]ﬂJJﬂUl@lﬂi

2.2 YOUUANITIN

9
o @ an =Y @ 3
FMFTUMTUBAUILIIAYDIAINDADD TS lad Iniiiu UONNINITAINITOUONAIU
1 d' d’ d‘l o [ Y a 9 Y 1 - 1 9 1
manudgeganmsessaiimsialdudyr  Sidesuenmdasimsqualediedeyaniug
= = - gj 1 A 1
d1e TaodnAudrazliautludunsanoduni (MS/s) 19U 20 MS/s 20 MHz ,40 MS/s 100 MHz ,
I~ v 1 y
100 MS/s 100 MHz tiag 200 MS/s 70 MHz 1Wudu aunaiilszuenas 15119

Ay Vo T w vy b0 9 3 & =t ~
ﬁuﬂ'Jﬂﬂ]@ﬂiTﬂ’]ﬁqu@]'J?Jﬂ]ﬁmﬂial,ﬁﬁ]zcﬁi'ﬁ!ﬁuﬂqﬂ'ﬂl‘ﬁglaﬂﬂ llagﬂﬂ!ﬂTW%@\TﬂTWW

] T

A A

& d? o o [ 1 s Y o Ay ya
Usinguuse  Falsznouiuanningai ldnnmsquiedisuugladuiia  Hrdwaugen 141
o a9 yd =t kY 4 a 1 @ ' ~ g 9
FIUIUUN ﬂ"IW‘Vl1@ﬂ%$ﬂﬂ?1ﬂgﬂﬂﬂﬂﬁuuimu1ﬂ ﬂTﬁqmulﬁEJ"l}‘ﬂﬁ]"lﬂﬂ"l‘iqu@]')ﬂfﬂ\‘iulﬂﬁ"lﬂﬁlﬁﬂu’f)ﬂ

4 < [~ i3 @ Y v 3
Tunsgladu AewdumsgandeswazBeavesgladuiulilld Srdaimsquaredialiamnn

@ A

an = =1 =1 A k) 1 AA :j S @
WuAe Adnsasoadalaalnlazinnuazdeavesglaauindls dauanudiveniniundsn
dWuveuwnmsdanudgegevesaineasoadalaalny Tudnvaz@efueuiaen

oodasalaa lail

' 1
A A

v v PR S A a ' & o WYY
i’l'm']ﬂ@]'ENﬂ']i"l]%'i')'liﬂﬂﬁu'ﬂﬂ5'lﬂ{]Duﬁ]ﬂuuNﬂ’ﬂ}Jﬁglﬂﬂﬂmﬂﬂ ﬂﬁ'lﬂJ'lSﬂ'Vﬂllﬂﬂ’JElﬂﬁ

a 4

3
=

Mg mugas aade il

Suugedenilsgladu = danmsquAtedivesadneaseadalaalml (2.1

\ d'd' Q Qv
AANIUINNINITIN

DD
n
(=]
(=]

fothasy  Admpanaadalaalallisasimsgualndnn 50 Ms/s 1¥iadyananiiany
E4
kHz asriuagld
50 MS/s

o ' £ g
ugadenieglady = ———— = 100 99
500 KHz

[=3

] ' o % 4 a @ o
?:mu’ﬂmwmtamNauuﬂauuiuﬁﬁﬂgﬂﬂﬁu i)zmmmmsﬁENﬂmmdfgmm’m 100

19 d'd' o d' d'ol i ar ] =9 =
AR Lmﬂ'lﬁ"lﬂﬂ'ﬂllﬂﬂi%?ﬂlﬂaﬂulﬂ‘L! 10 MHz ‘ﬂi’)@l'ﬂfﬂiEIZJGl’]f’)EJNLﬂ?Jﬂ’J']?Jﬁ%LE)EJW’U’ENﬂWWGIH



1]
=\ ]

=§ tﬂ' A A 1 d‘ 1 ﬂsll zé g = 91 [ v
wmgﬂﬂam:mwm 5 90 AogladumIiY Fnie 2 asdl awnsoagl1dn diethandam

wanaiifinnuide sldanuendeavesnnge  unloiwnSadyanafitanulge) ud

U

v Ao
ﬂﬂTW'ﬂNﬂa'luaglﬂﬂﬂﬂfﬂﬁ]ullﬂuaﬂa\‘l

<
€e
—2

- .
g lannmsqudems

AraNaTa
VP RVAV

()

»
»

()

Jin 2.1 SnusizvBIMIAAIAEEF
(n Aoy wmﬁuwmmaumsﬁumaﬂnmmu"lﬂ
@) Lﬁauaﬂqwammﬂuﬂmtymmmﬂﬁ
~

1 £ & a d?l @ Aan a =) A o o [ =
‘ﬂfgﬂWﬂEJN‘H‘L!\‘l‘?lﬁlﬂﬂﬂluﬂﬂﬂﬂﬁ@ﬁﬂ@’dcﬁaiaﬁiﬂ‘ﬂ fg  NITNAYVIUNISNINIGIA U

= A = 1w i o @ ' Y o Y 9 = 05/1 Ay ¥

ANUDFINING DU TPURIDYNAYYI1UAINGTT Llﬁ’J‘H'l3J"Iﬁ§'l\‘161‘1’iﬂ51ﬂ§]ﬂui]ﬂ@ﬂﬂ'iﬂ Wﬁ‘ﬂl’lﬂ

[< A s A w a = ' o a2 . . v a
vusswniunmwianllnnduanufiiaess Senn daygnoueded (Alias signal) SUIAAN
o/ 1 c‘u v d’ Qs d'o/ 9 ar 1] d' 9/
sanmsguiinnanuddyanuiia  Tasgldon  dwedelugln 21 lumslsaunisey

~ d' 1 £ [ s d?l 1 @ =) d' d'd d'l
wenoamaniass e ldifadyanaedsaty  miehdyanaedvmiiugladuiianude

§ a ) 2
lnngdeduassedann dsliaunsohliimsed 18



o 9 A A =~ o 9 3 o P v L] @ 1
msildgledunlsinguuse tanuauyssigndeaiu Sruiugan ldonmsguaiods
9 = 4 ] Ad o é’ d’ d' o a 4?
ApINuINN 2 IwasanuanIadulu 1 Eﬂﬂﬁu HASIIBMINITATITIAVOUVIVU LS YDU U
v o os/‘ {7 [ v g/l J 4 1 v 1
avvesadazded Iddwauasangudiodiannndt 10 afsee 1 Jiadu wenvInmMsguAI0d1NN
9 < o Y o 9 ) = v Qsl' o
#aIMsa NS IUMIMOUNDFUAITHAIEIRD IR TUIDNAILI11995 ADC U #U1T9NINIU

9y ] ' 2 = Y v Y 1
1@dsausrvuammla Fszinsaniuluridoedns 11
A A o 9 YR o aa a = 1 2 da v A
vz ldisitevenuvanmsia veshtnoavoadalaalnl dnedrwilehie Aanud
o Aaa a o 3 v 9 £ =) Tt
qugevesdyganataeavoada lad Imlannsaiimanudeyald  FusuSendim  Useful
7 3
Storage  Bandwidth  ezfisuiluiIsfuduegiuanuaunselumsgudledisvesdtaes

- 4
soadalaalnildis dn1 USB eanson daingas

Useful Storage Bandwidth = 8031015 g§uAIDE1ZIZAMS/s) 2.2)

25
{ o o { 4 4 g 1A @
Taeh daaw 25 Wudwaugan I lunmsadumwunselu 1 gilady duiluanldlaens
tﬂ' sy ~ T = a 9}3 £
iilesnnavsaeaveadalaalal  liansauaassisazidonvesdygialdnimun 39
awnsoud luld Taemsadedygnuguatedaoaunsn aslllumsgquitedaunuilnd  wan
3 H [ ] 2
1ade  seiimsaSugadnllugladwdn  amildezlianudeilosaduauomniy  wazEon
3 X
FMsHUN “NGUHMIABAUNTN” (interpolation methods) TIAMIRIBIWNMITBAUNTNA YN

Tugn 2.2

(v



v

I/\/\f\/\
AR

G)

31 2.2 nqufmsneaunsn

(N) MILAAINAULUYA

(v) MITOAUNTAAILITOINNDS

(M) MIADAUNT ALV TN

Tugidi 22 (1) wzdlumsuaaddifudnsafunmiflsnguuse TasmsiSegaiild

vnmsguiednlasdndes Idszana 25 yadegdadu  dagli 22 () Wumsandu
@ousoszvagafildn W IRnmAidudunssiidoudedu 10 dusogilaay Fe3msii
Fan “ﬂﬁﬁ’t)ﬂllﬂiﬂm_m&ﬁﬂ{” (linear interpolation) ﬂ?’t]ﬂﬁllﬁ’ﬂﬂﬂﬁllﬂﬂl’lﬂtﬂﬂg (vector

. a :ll 4 I 4 1 . &
display) @NUU Lﬁmﬂummamwammgﬂﬂﬁumwﬁ 11 Useful Storage Bandwidth il

Useful Storage Bandwidth = 9a31MIguAI081983gAMS/s) (2.3)

10
o [ ~ o d o o ° EY A 1
dmFuzdd 22 () Wumsaeaunsnlaemsiuofleidumaindnunnduiousds
’ . . . & ana g Y ~ ' A e
S%ﬁ’JNﬁ}ﬂ(sme interpolation) "]N'J‘ﬁﬂqiu%gshf“ﬂ‘ﬂlWﬂQ 2.5 ﬂﬂﬂﬂzﬂﬂﬁulﬂ’]uu lumsuaaana

A9 UA Useful Storage Bandwidth ’ﬂmﬂu

Useful Storage Bandwidth = 9931 3gUADI1FIZAMS/s) (2.4)

2.5

é o ' . \ :/} L 1 oy
“N’Vlﬂﬁlf’ﬂ Useful Storage Bandwidth AMINATY ANV LLIAVDIATADD

soadalaa Indignuseunnludae



\ w T an =\
2.3 MIgueedNveIAIneneeaalaalnil
2.3.1 Adneaveadalaalmildmsguéedisdaiu 2 uuy fe
2 v
MIFUFIDE1ULUNIA159 (Real Time or One-Shot) AAMTFUAIBIIURUTNTMS
w [ L) 9 d' 3/ 4‘! a = -1 as d' a
Jadggraouwnld  Taswad ldezinnngdaduase uazszlinnumilousugaduaiann
1 9 o o/ d' L= d?’ = 0'1 A 9 1 Y | 1 Qs d'
drumnngldfudygrannaiu  meervaenie ldlumsguaesns  vndmvesdyaui
a 4 a [ q’a’ ] 1o i a & { o
dosmstanzviilufieny fafuanuGrveamsguiedrauunainiail Tadegawenazinu
~ W v Y 1 v ds‘ o v :zl = =) = 1w v d
Tunsdigananld msgudrednuundl szduuuimunsufedtie selimsquiiediagamen
v o’/’ o =2 o o o A a dg’ = o ]
Tundazassvesmsiinu  Swansod liaswdudygraifeduiiodvae  wu  usald
n3zyn, dyanuniuaunsona, dyanuanyuzN TN 184 FeezlsingIaunsedald
v 9 T T k2
luszeznandunn maazliitqudinds Sededldunundesuguuazdugansgy doaldsl
@ - A d%l o [~ [ v a A Py [ A o & &
dygnaifedn 317 2.4 () ssrumsguareauuunaasnlFlumsiagdaduiadriiagn
£
msgudIosuuunauaiion (Equivalent Time) msgudlestauuniilasanagldniy
v ¥ 4 [ 3 B
o a &K a9 LY [ 1 @ a o g 1 1
duanuifavus i vie Jdmsadvuditvesdygnainedudigiy msqudtesiuy
A [ a A = 1 a g - . .
nauaileususnuiseomilu 2 yiiades 8n Ao maguaiamilud vy (Sequential Sampling)

uazmsguila lifud1dy (Random Sampling)

Tasda

ladain 1 [ >t
a d v
Ymdadz | [ >t
lanfiad 3 1 > ¢
landiad n et

)



Q)

» <

Tmdaii1 | | [ i M

lasdad 2 [ [l [ ]
Toidadt 3 | | I I [1
laiiadi n [ [ [ 5

@

317 2.3 mallamsgudiod e voidTaeaseadala 1all

U

(M) MIFULLVIAIT

o/

(V) msrjmmunmmﬁau%ﬁﬂﬁ]u& 1

' °o_w

' a 3| o = S
(™ msguuuunauaiiousiia liilud ey Taldgaderlumsinuniiaags

1 = 1 g o o o $ o
@) msguuuunanaiousialidiuidy Tasldvarwgalumshauniiands

" W 1 a g o & [~ [ A 2 1 @ 1 PR ¢ o
Tumsgudesnriladludrduoniuagii 2.4 @) samsguitedriailumsiau
2 & £ a 4 o < ' o o
wilinsy wienildlmAnvzdedIdgavugilady 1 gaudnih by 3 lumieanud aunsens

i o g A o = A ' VW 1 A
NUIVANUIUNUY llJf]uTllﬂllﬁﬂﬂWaﬂ%glﬂuqﬂﬂ']ﬁgﬂw 2.5 ﬁ?uﬂTiquﬂ?@ﬂ’m!!ﬂﬂnaﬂllﬁﬂﬂu

a T e @ e & o ~ £ Y ¥ g g A =~ ° A a s
yiia luidluddusiueiludegii 24 (m) Famsquiredauniilddeiimsin Yininines

a

. A A d v o a £ Y T o w 1 o 4
(pre-trigger) LWﬂﬂgﬂﬂﬁu‘ﬂﬂﬂﬁﬁﬂﬂﬂﬂﬁﬂ ‘;]NﬂTi’GIJJ@'I'Jf)fJNLL‘U‘lJLquﬁ']ﬂUi]%ulﬂJﬁ”IJJ'ﬁﬂW'l‘lﬂ Tu

G Q

4 : 2 4 1w T 1 I g
msinunils lnfae Idgauugiaau 1 yaudu udszdiuganssdmlavesgladunld Tas

o 2 1 o o
il%‘lﬂ'lllﬂli'ﬂﬂ"‘] FUNHIYANUIUNY



10

4 < Y 1 (=] o "W v v o {
Tugili 24 @ sedlumsgudrediuy bidluddusuiu  udagaaduasanlums
o £ )ll = G?JI 14191 A o :1’ 1 ] 9 v
Mol lafaiues ldganategeuugdedu  uazlumsinunide linas ldganaisgaue
o3 { lg’ a =4 Y v ¥ o 4 a
witlugafilidyany qaladld) msgudtedis lugdiaeilldlsz Tenliefimsimsizd
d' o Y t:l 9 1 ar [] t:y = | a d' d‘
sindy  Tasmsidoyad ldenmsguateduuull nnlSeufensugladudug  Tasmme
y A a '8 A 1 A g a Y v @
pgngamsBnsizvdaauludundlumsninludnyazaiee nu

v

L\/\/\/\/\/\/\/\
S VAL VAR VAL VAR VAR VAR VARV:

2
ee

Y

Wadveams

qudiegng

gUnduiild I/_\ _

) >t
ileyaaama l \\___/

v
{r\r\r\r\kr\r\=
AY4

a

{ o [ o w
ﬂ‘ﬁ 2.4 Waﬂﬂ@ﬂu’]ﬁ]’]ﬂﬂ’]ﬁﬁuﬂ@@ﬂ’m Q%?m@uﬂﬂuﬂﬂlﬂuﬁ’lﬂﬂ

dmivdtneaceadalaalal Nszyanwawsalumsiall @y 100 MHz Yude
anvansalumsiadyannud 100 MHz  udddncacoadalad Inlszuaawaldiui
v ¥ ¥ 1 Ed

100 MHz @wzdwsudyananfaudg fu uamndludganadivazietund 1dmsdy

¥ 1 £

fvdruuna1ese Alnenceadalaa Iniifive Tadya udvas & 10 MHz 11195y

i a IS [y 1 1 ° @ Qs a o Y
WedAafsuiludasidin  szwinumshausudygnanlnfuasmsinuiudygs

o an a < =] A g

Frnzvosdinonsoadalaalnyl  Aezldidlu 1001 wagawnsomudy 51 wie 2:5:1 18
=1 an o~ 9 = Yy 1 d‘d d‘a
nueds  Avnonseadalad Inazdesimsleismsaeaunsnsdannmenfey  aungiing

F4 k4 T
nsdidananIutunnnmshianuansa lunsgudredgnimuadlesdyaannimaely




11

T o { [y < o 24 4 {
uadganaiduniassdumsiounasmanuueiicen Fweuwavesnnudizn g il
A o 3 2
Aomsthdefvetoraonun 1y

A Yo L 4
2.3.2 M3@NlETRIIMsgNA e
' v
msidenlddasimsduiiediaiu smsidendasimsguiiedisldimingauseia
[ 1 T a d' 4 PRy 1w [} d'sl a A =y
aanalundazdwaud dieunnadunlddasmsduiedaidosdulinseinmanllee
Wiadneaseadalaalal liaunseiies Plot jildymnanmaiseziald sinndnmsvesns

o U

v Yo [ v T 9 v A 1 I~ =N 9/
quiredrusnms 19 nugalumsduaietivediaiion 2 gade 1 gilaau ualuanudussud

o v =

v v o A do & a v Yo ;
iﬂl‘iW]'ENﬂ"l5GI‘Hg‘]Jﬂauﬂiﬂ@’i)ﬂMTuuﬂJﬂ']'lNﬁll‘ﬂﬁﬂ mmiﬁ]mm“l‘vmmui;ﬂ“lumsqnmaEmm
¥

10 gad0 1 giadu uagdunldSanimsquiedieiuntulyl i ldgladuniaeoninidy

A A A o q YN 1 o a ny
mnaunmsﬂmwgﬂﬂauaaﬂ vn'slw"lmmﬂummﬁ]uﬁ]iﬂﬂ

f79819 MIMUIUNIBATIMIFUAIDEN
9 A v . A o Y o dy
Fu5uaNIIU Time/DIV A1 50 msec A5 am1uIU AR
1 ¥0aluvealni = 50 msec
1 ¥941uapalall Plot 10 90
199 = 50msec/10= 5 msec
12 180n5 1M guAI9819 = 1/5msec =200 Hz
= Yo dy
agl awnsodendunts Idasdl

AUD Sampling = 10/TimeDivition

2.4 YUADURAINTINAIDEN

4 o 1w v ] 1 o [~ o Aan o
o lddmsgudtedldudy  minlde lihmsulaaludyanausinealuiun

o &£ A A LY ' g 3| oAt @ ' o v a wa
dliilesnnmnnannmsgudtedisiu Wumnlszauuanaeiueiannme lumelgiiae
[ I~ o an 3/’ o & oA 1
a lienusaudasiludyanudiaea ldinnvuiaiiu Seduiludesutem ldunainmsqu

v ' ' 2 & A & ot
Frotweenilungue 15158031 “areuladia (quantizing)” Famindeulageil azdiumsidmn
v ] At Y A Y L] 1 = Q. T nsfl o 1w kY N
nnmsguieddimIndifestunin oglungquiferny aenniuazimduavinlsunungy

doyaauana?



12

usedusUIaDN

31 2.5 msaeulads Tael$raesulasdaanmeasniiudyanafineanldsunssdu
pwaenilunuguansfsziuiee
T T [ < :: @ { {
msutengudyana welidnvaziuduiula s 29 Teeldimsndouuilawes
oAy Y T Q@ 1 1 1 o o 1 9 v A ] [
M lannmaguitedisegszndng 0-4 Taad uazdadlungu’ld 4 ngu Ao $293201 0-1, 1-2, 2-3
(4 Y ar a 1 Q A v d’l v o
uag 3-4 1ad laglddyananedluseay 0-1 a1 0.5 ununguil uag 1.5 unungu 1-2, syAl
3
2.5 UNUNGY 2-3 UASTEAD 3.5 UNUNGY 3-4 1 0.5, 1.5, 2.5 uaz 3.5 9z 1114y ADC Bnnss
A o d Q an
e iludyguaInea
A ad A o T ~ ~ o 1 A b7 Qo A
Wewmniimsnrouladedenann  filemafazifamamandould  dwilewunain
¥, d o 1A Y oA I a 4
wanasunu Adunluszuuildai 1§ lumsdangy faldananuiiuesald wasfiewn
T £ 9 v
msmeu lndaiulszaeunmasdtseadidinnieting  duiufuiannuliniueuvoswan 18
¥
agtne Tasanu liwiuemariiszuansaign, ay vesliagaie
A ) 9 =y 9 1 ] 1 o A A =X 1
WiorhuADC 181 wennindagadivazidludwesaulimivenudy Jaduq dduilum
=Y A a Qs VY A @ v an P 9 1l o =t
Aawana Ananndyanasuniulddemiloudu uadyanudtaoan lddulngndinainny

NBINIIBGUIN

2.5 msutaseinaentilundnea (Analog to Digital Converter: ADC)
lumsaadedsasiuseniessuvowiann wazszunasnoaudlulylyldias Hezld

o Y ° aa v & 2 9 a o v o

ganmowmen  uiuluszuudtaea  daiudsdedimsulasdyanueuaenliidu
i H ¥

fyanadiaea  dwimvihideinaniisGenn  «ssnslasdygaewaendudyg e

ad o

b4 v Ed
Adnea” J3uas ADC Wulina1e33ni 1fegluilegiivesusnla 4 3561



13

1. LUUBUNNTN (Integrating)

) = a A .
2. LL‘U‘Iﬂ“IS’N%SL‘]JSEJ?JWIEJ‘UﬂIM]H wouuY “uvas” ( Parallel Comparator Simultaneous
“Flash”)

3. 400 I3 USUR (Binary Ramp)
4. uuuYszinuaed1aneLilos (Successive Approximation)
v ¥ ¥ £
ua luntisegeTeluuwuuildlumsieeagalaa Tatviiiu

2.5.1 ADC uuil Flash Converter

o
<
‘I"Lr)‘y” M
L]

TTYTYYY

Vin

MSB

W w W

— LSB

"

b

o

1 o
U7 2.6 unawnoUNDSINDS

e

o A Y 1 LY~ [y t 9 =y =)
WANMIVDY Flash Converter A9 N3 19¥Msuausanilugsadurnatsaa udnlseumen
% | 1 9/ o £ o . 5 @ = Pt . ' o o
fu v, 1fhugy nioudu udanseiimni logic 31031 BussruilSeuiiey 8 bit manuaedng
a d? A v 9 a A d?l v @ fa 9}3 A o = ~ [y
ziiuAuGoe MnmanudumunaaiuIy anumedndd lady Wor ldnlSeuieudu v,
9 v 1 a 9 =] 9 a Y 9 1 A T o d Y a
wdnnnnfezlaegasinesnin Hunannnezliasin «17 dfeennmniewinunee ldasin
an dy 3 A 16 9 4 1 A
“0” 75 Flash Converter H92152719a 116 1991/n3581N19 Hardware 1nAANULUBU
o d [~ o an ~ 4 S a A
minlasdyanaewdeniludyanuaiaea s Terminnlumsarugugilnssiaing
& o

a Qo 9 a 1 a A o ag 3 o
GINSJﬁﬂHmZﬂT‘illﬂaﬂﬁﬂluﬂluTm]lﬂﬂﬁ1ﬂ’)ﬁ HARSZITITUDANDINY ﬂ’J”IiJi'JﬂL’i’JGl,UﬂTﬁ’I'N'lu AT

9 o I'd R o Y o 9 1 o dg‘ Qs Y 9 ﬂld' Y
ldgilasalnsanimetudies  dldvuanazamdndy  Juduanudesmsvedldnzdes



14

o

A £ o Hq ¥ Aa ° o =
Lﬁﬂﬂﬂlﬁlﬁﬂl']%ﬁllﬂﬂ\ﬂuﬂcl“]f Lmzmﬂ'szmm‘ﬂmg ANRUUDIAITULIULASANUASLDYAVD

Y a R 13 1
Sanesiuaan Wzl

o
g .
1 Successive ) s
& \Approximationf{  Delta-Sigma
'
{Voltage-frequency
{ Counting ) Bual-siope

¥

"~ Resolution

o w

{ =] @ a 1
517 2.7 Srduvesanus uazanuazBearodanss a1

) d [y Y
2.6 BUUIATHAZONIINIYNAI0eN9(Bandwidth and Sample rate)

a o g 1 o v AY o @ Aan S 1 A Y
LL‘]J'H'J@]ﬁlﬂu’d?uﬁ’]ﬂiy'ﬂﬂﬂﬂﬁguﬁ'ﬁ’?jﬁﬂﬂl’lﬁlcﬁﬂil‘vu!ﬂﬂjﬂﬂﬁiﬂﬂllﬂﬂ@ﬂ’]ﬁﬂﬂ [P
9/ = 9 an -4 v v A o a J o v da
GUEJ’]EJ"U?]Haﬂﬂaumﬂ‘uaﬂﬂﬂqﬁ!%ﬂ'5 llﬂzﬂ'ﬁﬂﬁﬂmﬂu%jﬂﬂﬁu AMAUAUVUIATUD LT YU TUNDGN
= A Ao @ Y 1 o d' A A v KR
!5jllagﬂﬂﬂﬂﬂmaﬂgﬂﬂauﬂﬂUWﬁu ‘1Jﬁgﬂ'ﬂ‘Uﬂ'Jﬂfnuj_lﬁZﬂﬂﬂﬁﬂgﬂ!}"lmﬂ'ﬂllﬂq%W'ﬂ'ﬂ"ﬂﬁﬂuwﬂﬂﬂﬂ

[ Y Y " o an S Y = a da A 1 o =
uamammaq;agm"lﬂaﬂmmnum ﬂi]"lmc]sammumJmﬂmwmwmwmzmuamumummma

Q

Y =

{ o a Jd o1 4 o ¥ T oo
gehlimsaanoud  Aesfiindasivinla  iiveurasmsvensyasendyamognAo L
E4 1 H
puiasueedd lamesaseeliinanhuesuuiasvosdygin  AuludwsnidoalNnsauy
a o Qs a 1 A A dgl =] T a 1 = =
Fatvosdygna  Tasmsdsadumailimudusinhdunakansy  auedoszuuil Iname)
a o [ [ o A
puuIatveadyauaziludail
a d [
2.6.1 HUHIATURIT YA 0.35/(10%-90% rise time)
a aa 12 =Y ya g v
HUUIAT YT laesuannnudggnaanouas 3 wdua  msaaneuiliinduediy
1 1 A Ao 1 o :;l 9/ A an A a ¢ 4 o
douflusenly) Suvnanuddind  duiudoudondd lmwesFaluuuiaigeniivesdayn s
HANSYNUABOATIMIFUR DI NYEUUTATA 1S
Y LY T an I'4 a JHq Y A 4 v 1 v W 1 A
BATIMIGUAI061990983 louwes awsaaauuuiainld iveliunlaiimsgudsedien

fdgans 1515011 4 F§198139B30U FUMSLUNTN sinX ¥38 10 A19E19ABIBL AUMITUNTA
X



15

E4
Wuasedulludyanamsudsuinsansvasdsasasimsguiiosts Fufasen(Single Shot)
a :’ 3 @ v { o 1 <
é'nﬂﬂmq 1’7ﬂWfJﬂ'Nﬁ”lﬁJ'liiﬂ%@@]‘i'lﬂ'liQNﬁm'I“] AUBDYNTIALIY
an o ad 18w Y o o W [ a o .
a3 lonros lugaundd lilidgyanasuniu uazlddygriasiva wanmsluadadNyquist
9 £y 1 Y .Y} 1 1 v d‘ T P} \ ) d‘ 9 3) d'
Theorem) ﬂ'ﬁ]\‘il‘lﬂﬂﬂW\?uaﬂ 2 AIYNABUARSHENARUY fmﬂanaﬂamﬂmm’nmmagai’]aumm

{ ~ A 4 U 1 Q 1 :}l . o
gangamuAuATHwednIMIqudiedn  Juasumsdeaunsn sinZ  aunsediass

17

¥
dygrudeyaflowd luad lamesedruniuirgndouninzay duaou sinL mmziudiuld
1 -7} v d' d'l cid s 9 =y . X Q/
sEradlenaNoudaglatunGey  Idodemsaeaunsn  sind  awnsoveedyan
I ¥
sunu iflesnn dyanusumuliogludyanansuezluadluses duiu sin£ arsezldedn
giiaseTalaemmemsquarediuiies 2 drednsdegnaiu
¥

& . ¥ Y Y -y A ldﬁ oy % =2
YUADU S+ ilzﬁﬁﬂ’anai‘gmLaZWS‘gwuuﬂmquum HUNABDINITAY JUUHI

Y,

Aoamsalndndoyadinion 2 Suuuveuvesdynia Fl¥aunsonsivdougadoyadun 1dun
Tueeadalanlnillaslduaas sin &

o % A A r o T an 4 @ ] U 9/ Y i N A

dwmsumaunugdaduiuiuiindr a9 lwesmstiuiinedation 4 yadiegedognady

1 4 o + @ 1 i A a A o H o 1

YDIAIULILNBVYOINAUFIUNTANUAYIYA JARIDENIHAY (WNBAT I IUVRITY Y 1UAD
FyanusunIu MMsumsdoaunsn sin<

msaeaunsniduase eunsouaasgiladungndewiud Taslnanmsvesduyaim

d' d'd Y 1 Y w 1 1 d'
TUMUNIRNANAITADINITDINUDY 10 AIDYWADYNARY

U
2.7 MANTINVDITTUVUT (Bus) USB

1 Qo 4 < @

Tumsdsdoyavesszuuiiad USB sziiTsanonInsaiass (Host Controller) IUfIAIUAY
4 ¥ & g o @ Ay y =

msdemsdoyavuszuuiisnua uazleansu Insameit sxaiuayuaniadunisloyaiies

4 g v & < s T o o g A ¢
niludumaminiu aeuiinmes (Connector) usiasdaneguuszuntazdimihiidluwesa UsB
Tavgilnseinndeviinarms Ifuuiady  Swelivesanaenesanosglussumia ualy
o Ay % A Y a o %} a A ' & ~ A Pl
ssuuiasstidumedoyaiinivsuivauduniabey  Aelugnnamileg  eelileanseginsal
2 @ v q’/’ ~ g1y 2 A o @ ('.19) g
osdadsaniiuneg lddsdoyn  seleanivdionszaivayulsansuInsamos lAnatein

2 1 g 1 =] A o o o
m’amﬁﬂﬂﬁﬂ’e)uimamaixmazmﬂ%uumﬂuﬂummmﬂ



16

2.7.1 USB laa
[ A é Q
UsB Teafonsosnouiunesgalsenou lide TeanouInsamosuazgndy (Root Hub)
] 4 :Jl @ d’l o | o A o ¥ a wa d‘ [ o
pgmely Fansaesditlaziinudndu  wevhldszuulianmsmunsedeasiuglnssiuy
@ 4 Y o o 1 7 { o
va'ld TeanouInsameswdudidagdundoyn dmfudellvudauazimladoyaiisudhun
H tJ v
Wogluzthwuiszuudfiamsaunsadilhld  uennnillaaneuInsamesfaienuierdy
o 4 { A o o Y Y 1 o o {4
Handuduq Aneadestumstamsnumedumsfomsuutiadadaes diugndveziiuduiive
s o = < o o 9 Y1 @ w L4 = ] 9
nuTganou Insames lagass uazlirputiamasdmivlddeduiuginsal  USB dnodiiey
wsl y A

£ o 9 Y1 A L4 T v Y d 1 [ :1’ =]
wilsdr USB  Tesazdewmswldndiglnssidrlatheiidesguuiia  uavginssiudazdaniud

q

anyasa lumsiinuedialstg

2.7.2 gilnsal USB
t4 A o v S A A o Vo s A
gilnyal USB #ieginsaiseudne USB fludsiisundedunasa USB UUIATOI
=Y od A o @ Y ~ Cs ' dyl P . & o A
aouRuADINTosy TasmundnmauduniGongunsalivariiin Hasdu (Punction) Fuiluduia
o 1 9 ¥ 4 P % ~ Ay
anwawse lumsionane 1dunlse giaseiyndfeguusesasziivenasd (Address) 114
@ L4 v Y ac = %
miflouiu gUnsal USB urazdnzdesinasdiannsetinduaz 1da (Code) Tusunsudaldlums
1 3 T 1
Aadodeensiulea lumsiaouiuginsel UsB sz liaunsasumsaadedeamsuuszuuiia
UsB lddedaes unvzdossolazaouauosnumsdodisnuionnlag
2.7.3 USB &u
Y4 = ¢ Aq o o A Yoo 4 LS £l 2 4 ¥ A o 1
Fuaziinosanlddmsurondenuglnsal USB egodietiosnilanesa ninfindned
£ @ Ao @ Qs A o o =S A 1Y 3
nikyesdufsiludmudy I FIduazsmeWNNAaNITMTNINN  LagiIMIVesvUIn
@ dg' qs/l = T 1 Qs -4 A v A w £ A Y o o
vosdaamiu  nmiudedsae llfalsaneuInsames miodudndinile) wiedoundylid

s % v A 1Y W Y 1 A o Y Ad o e A o
Qﬂﬂiﬂlﬁ@ﬂﬂnﬂ JUUBYAITNY 2 LL‘U‘]J]lﬂLLﬂ Llﬂﬂﬂﬂ1ﬂu1ﬂlﬂugll'ﬂfJTQLﬂEJ'J!LagLLU']JV]LLFJQN']ﬂU

Q[

v @

o ¥ \ ad o A s & g A <
gilnsalseudns 1wy Adueia waz weoilwes Feianiulurevesginsaluvuney (Compound
Device)
d e
2.7.4 Handu (Function)
@ é a T 4 ] LY =
Haddu Ao gulnsel USB Feaunsasuuazds wiemiuguisyaiiodszuua muilnd
w Y I< { o o 4 v
udrflsfFusgnaranludnvaziluginsalsondiiusnesnandunazldmaniiaiede
S ¥ v o 7o P o Y Ay a - T = o
wosadnAudy feddunsazdidedidoyavesnouiliiedu deeuistinnuansovesiuuay

1 { o v LR v { o o us.: o 3 v
niwonsidudesmsussyagmeludniudis rouflesldnuiledduldny Teadosihmsdam



e —-::aF m"*'""”

m
fnvoaNANAI I NS 00NN IAN ST

17

¥ 9
msmauldumiunou c’?q%y’aﬂauﬂﬁm%ummmsimﬁqsmmsﬂmuuu?ﬂﬁ’ﬂjmﬁa Haza
g lddmsuiassuinlagmme
@ T o @ 9 1
frvgavosilanyu ldun
g ¥ya 1 A o s . ' s ad s
ginsainldAadedoa1sAuuyyd (Human Interface Device) (W WNd, AdU0IA,
uhuEn Lazavedan
A A [y 9 1 o a o A Y v
2. 9UAsalNNEINUNUMIAIUAIN (FU AUAUILDST, NTUINDST, HIONADIAIBATN
P 4 I~ ] < a
3. gunsalidudoRudeya wu Fasoulasy, Wheuillasw, nse 33a lasw
2.7.5 nouinnes
¥ Py A < o Y o 9 o o W I [ 2 Y
fouflvzngisesnouiiames 15vzdoshmnudladufmdwion 2 a1 desey il
Y o o A [ = 4 = 2 [ = A
VONHUS USB HUAD DNTATH (Upstream) 4aY A1IUAATY (Downstream) H3 DWAATY ABD N1
d‘da

v At a o a s J  a Y
ll‘l’?ﬁ"l]'f)\‘i‘ll't’)Muﬂ‘ﬂll‘ﬂﬂVI'I\‘ﬂ‘]JENI%ﬁﬂ@iJW'JM@i LLﬁ$ﬂ1'Ju’d?ﬂ'iil%$Lﬂuﬂ15ulﬁaﬂlﬂﬁﬂlﬂuﬁﬂ UNANN

U

aQ

a s Ao = 7 ' o 7 ) = '
pon lnnlaaneuiiames lashdnaasunesaizeguudigunsoinazsudeyaaniaasy dau
4 = I'd 4 1:; ] [ [ [ =
andansunesnizilunesaioguudi leauazsudoyasnansy
< o 9 o P=| 1 o A 1
Aoutiames N 14 uszuuiia USB azliag 2 aynsy WuAe 8Ny A 1ag 8YNIN B Lgiaz
o [ v [
yilavzligilududoniotandid uazdsunseddnduie Taeh Udndnivoynsu A sx1fiilu
= a a a’/’ T o a . A o IS v A
amifansunesadenunlnfezfadeguuleaguuuesavesnoufiuned) wiodu  Inshiidlu
A o A o ?; ) = J @ = 9
mileueMunvesleansedu dndideynsy A szdsudnnuleaane lagazegnilaisau

g 19 o

£ A Y] a & @ A ] @ a s R
“ri‘LNﬂl@ﬁfﬂfﬂﬂiﬂﬁuﬁ“’ﬁl‘mﬂuﬂ’mﬂ"U’e]ilﬁE]‘WﬁmﬁJ ‘]Jﬁﬂiv”l’)&llﬂﬁ]uﬂill B %gimlﬂuﬂw/dﬁjuwaiﬂ%q

U

J A o

muilnaae ﬂﬁdﬂﬂﬂuﬂlﬂﬂﬂim USB 113981 wmmﬂumuauauwﬂwnuaﬂmm USB "3

o

34

Y IS A

5u Uinfounsy B doudhiusunsegUnsal USB e Tasvzagiidaedndunilavesay

u Q

9

wianay 1 uddsdoyamnianiuy

61361



18

2

517 2.8 Udn USB dulioynsu

() 1/dn USB duliseynsu A

o

(v) 1/an USB dullgoynsu B

)

[ 4

317 2.9 1/an USB ddeynsy

K1) q

¥

o
[ o Y

(m Udn USB diffoynsy A

() 1Jan USB dfounsu B

U L]

2

[~ aé’f [ 9 ) Yy ¥ SR o o
ﬂﬂulu@]lﬂ@i‘ﬂQﬁﬂQ@HﬂﬁNﬂg‘lNﬁ1u15ﬂﬁl°ﬁllV]uﬂu1ﬂ ﬂ?ﬂl'ﬂﬂuﬁ]ﬂﬁ’]ﬂ’ﬁﬂﬂ’mﬂﬂﬂgﬁ?m@ﬂ

' o FY ¥ o = Y L4 = A LY = Y o W =
ﬂﬁﬂflﬁﬁ]&lﬂu’ﬂ%‘lqﬂ (MIADANIUFAATUIVTINUANIUTATY 1190 NITADDNAATUUINUBNTATY)

Teamonfiunes’

A

= ¢
HWIUADT

nowfinmoioynsy A

A
B
B ﬂ

al noudiawmefoynsu B

a o 1 Y < Jd 1
517 2.10 Awmiams ldnewdiamesunazeynsy



19

P = PR 5 S 1A w o o <1 o
103U# 210 wdiunldheeudinmesfeganfuginsaisendrarziiuneuinmesiuy
= o =t I~ o 1 :;l i o = <
B luvsiznuuleanau Insamoiasiiiesnsitinmosuuy A (MY uatuduaslidnanouia
MOSLUY A 1Ay B
4 1 1 Q’l’ o 19 [~ [
myousa USB azldmelWiies 4 idumniy Taslddmsuduunasansld 2 1du
2 v
@wldides uay nIne) uazdnassaneimane wlfiudayanunasvsedniesudva (Dr
9P =3 d‘ =) d' Q 1 Y a
uaz D-) mslFdvesaeliluwaida use willumasgruRendn@onnuduauszrieguin

' o @ a A 1Y 4 ' ~ ~ o 1o o
udazsie  dmsumeandiafgtumsiyeuneluTnuayasiauaz leatlanuliduiludesding

¥ g
A A

S d 3/’ [~/ ¥ Y ) [ cf/l s R o o v
Faq neflmoilumsanildiieaslldae duluanuenivesseniiadegndieegn 3 was

a

m31ai2.1 mssadyanavesnneuiinmes

T Fupame I nihh
o
1 A9 Vbus (+5 12a1)
2 U1 D-
3 e D+
4 M n5196
2 1
— —
[L I] ) =
-] 1 I —— 3 4
1 2 3 4
3 L =} g o =y
andulivoynsu A anaulivoynsy B

{ @ <
iﬂ‘ﬁ 2.11 ﬂ’lﬁ"l]ﬂ'J'NGU']GU@Qﬂauluﬂlﬂﬂ{ USB

U



20

o v 74
2.7.6 MIdamsveyauuszUuiia USB
4 L4 d 4 { ( A i o
msemsdoyaluszuutia use dlumsdomsitiTeaidlugagudnas dsleatnnivi
[ o { v a 4 4 A [~ 1Y '
Tmsdamedoyaianuafioguuiainadusqaminezdu il TagTeaazdams msdsdoyn
A o 9 ' < H < A ' ) o =3 o3
nedmuluszuutiademsuisnmesniiudiuang SeniulsuazdnsuInualaatlaszily
TuTaswlsy Teavzutsdanvsansunse luTasmsuldunmsdededoyausazyn Taogranm
o o 4 v v 1 A Aan o ar 1 U
voursudmsudoyalatatlauazWaaTlaudazususeliawi 1 Haddnd dwfumsdene
9 ] 1 [ 1 4 § 1 3
doyauvuleaila Teavzutursuusazisuoonilu s daw  Taeldgoudazdiun lulasivsy
uazligreaumdy 125 Tadani uaazmsunse luTasmsuzsududiedusumsumioSon
4
#U) 1 SOF (Start-of-Frame)
[ 9 1 ~ 9 A A A v w a1 [
msdeaedoyaunazsinazilsznou ldremsdomsnioSeniudmiil  nsuurasy
(Transaction) 410 1 ga dmsumsdetiedeyouuunou Insaszinsuuaasumnn 1 40
d’ @/ dﬁgll & 1 & A\
e (oswnwiniuazlidunounsomag (Stage) 10NN 1 dna Faumaganvezilsznoull
o 1 i 1 4 - @ =B 4
MENTUUTATUINNATN 1 g drumsdadoyauvuous tuszldmsunsasunmeyanaeiiie
o Ay a A ' @ A ¥ @ vy o
Hulideyamnnuniifios ldasli lunsusaduien 18 nausaduvesmsddsdoyasioi
3 & 1 1 i [
T8aSanelunilasunielulassy wSoondounisdeyasentiudiug udadelufumsy
Y
Vo @ o <
waeq e Iuegiumsianarveslealinsuuyadu uazanuirlumsasuaussvesgilnsel
r ¥ 2
ilesninmsasaiedoyannasasdesims Iddumedeyasiudiu duiunsuusaduus
9 = q 1 9 o [ =1 Q Py loy v o &
azyadosluonmsavesglnsel ldaslidae gunsainndezliveamsaveaiuei ludidudou

4 ° @ ' 2 4 ;g 4
Fagndmuamanlea  nouusadulnazyazisuduile laadsudendoyadaliueams dve

A

gilnsal vazdumisnmzmeluginsalnlFsudeyasiuegde nndenedieiidiesnineing

<3 ' o 4 g 1
gilnsalvzdlumsaouauesromsiestonsunnnnlen  ellumsdideyanioaniuzues

gilnsalndupenly

2.8 dnwarmsianuiiljvesluga USB

o o o { i o [
anvaiz Taevia lveeluaga USB sxvhwmihiulasdoyad Idsuuniluveynsy uaz

Wludeeduasenuazainlumayeuse Us moluluga USB dsznoudieled F1245BM

~ o

A LAl o { 1 4 T LY
Falldnuazmadesedoyamelunuy  FIFo  shwdhidludmioudeduszuuda  UsB



21

Ao ay ¢ ¢ g ? s . . T o

wonnndidedl lasvines D2xx lasalaswiies (D2XX Direct Driver) FI881u8ANNALAIN T
a d‘ =y v QU Yy Q' zg

myaeu Tsunsuiedaaafi Tugalinebu

2.8.1 AnwarmIiivveslnga USB

mydedoyanmasiieudoiuTuga wu lulaseoulnsames i Teanoufiuned
annsoildlasms@eudoyavuia 1 lTualidlugalusaziion TxE# Tannziuaedng &
iilesdmSuds 384 lud) gniioudoyansliuds niediegluamzilidg (Busy) iesnn

¥ £ [ 3
Ideyalunsinounthil dlugassshifanngian Txe# iluasdnguiengamsieudoynan

v
o 9

nsENIToYavDe FIFO gnesaeriueny USB lildaTaeudy

U

iieTeardedoyalilfsginsaisoudhsTnsmuaie UsB udr drlugassilvian RxF# oy

9 '

s & A A v o a ) P v
Tugnzasdsnduiodlumsuonmeasdounai luasnziuidoyasdraios 1 lun nfouldrees

a

4 [ SRR 4 v £ 3
iounesueen 1 doynszgnorulasesiFoudosunseian RXF# voslugalian1izily

k') L'l

) P

a d! T [] @ o Y
asdngeuilumstwenideyafiogluivesnuanwuda

U

w— T

y
A
—
N
y

——T1
RD#
\ [
T3—» |e—  —» |—T4
D0..7] J‘ )

]
=

5141 2.12 leezunsunardmsumssiudeyaninluga USB



MNd 2.2 Mnadedmiumssiudeyasnluga USB

22

fA9FUY

nm mgaga | nde
T1 | anunhevosiadlugranmi RD o 50 - ns
T2 | AnamSninszndei RD neahaud 50 - ns
RD Suhadnass
T3 | $290a1i RD hnmuitesudeyn - 30 ns
T4 | $rnmdoyadinsogrdsnini RD ngavhau 10 - ns
T5 | 9399277 RD ngavhauileifieudu RXF# 5 25 ns
T6 | 929na1fl RXF# ngathnunianinszuiumseu 80 - ns
«—T12

T11—

TXE#

\
WR [

To — ’<—T10
D[0..7] ( )

51/% 2.13 TeezunsunmdmsumsiFeudoya ldi Tuga UsB




M3 2.3 Aadgdmiums@eudeyaninluga USB

23

na | AeFing Adiga | mgaga | wie
17 | anwnfuvesiadluginani wr dhaw 50 - ns
T8 | swamininszuiedl R ngarmanuis 50 - ns
WR Guandnass
To | $anmi WR daudiesudoya - 20 ns
T10 | Fanadeyadiaegnisnnii wR ngama 10 - ns
T11 | $299m7 WR ngavhanaiiedivfy TXE# 5 25 ns
T12 | $2ananfl TXE# ngavhaundiainszuaumsdou 80 - ns




=
Unn3

a d
NITUAINTHIIASDINUUD

3.1 ydenlnozunsuvasndalnil

Module
USB

Analog
Input

2evstiilag

=
Henoi

Computer

i ]
3119 3.1 vdenlaozunsuvesida Tal

=3 @ = § a o & g Qs
nInuden lnezunsy  dyanadunnits ldnanmsiavesdyaa Fulludyasuouy
Y ' o A 9 1 1 ~ ~ o Y A v
awmen [WaneTulawssdu ieldeglusisiled Apc 0820 ewisahinuld Aegaa
o ~ o o o 9/ o 9 =
0-5 Toaq lo® ADC 0820 szimsutlasdyanamindyaisewasn ldlludeyavuia 8 in
wvy Tasanwdlumsguvesdyana (Sampling) szausadlSuanudlumsduldlaeld
4 o = Y J v g
TuTasaouInsames Mcs-s1 lumsdSunnud udalulnsaoulnsames MCS-51 azdadoya
= § o v a3 1
e 8 i 718 Wiuluga Us Taelulnsaounsames Mcs-s1 szilududansdeves
H E4
doyanluga USB Mllanunouiizsudeyanseld aniuluga UsB swihmsutlasdeya

a U=} Y o ' Y v a J 4
YUIA 8 UN lL‘U‘]Jun']uGlﬁHJu‘ﬂﬂga!lﬂu@ﬁﬂﬁlﬂ l£ﬁ3ﬂ1ﬂ15ﬁ\11ﬁﬂﬂﬂﬂmw3m€li NINNDIN USB



25

3.2 manlasdaanaeinasniluduana@dnea (Analog to Digital Converter)

o o

+5V
[ ]
7 12120
§1°K Mode Vref Vee
Analog - ul " 3
Input ~ n 4
iN | 1N 5
4733A| 4148 | ——
~ 14
15
16
\
§1 M p7 I
WR/RDY }e—
RD GND -Vref CS
8 10 11 |13

~ @ g an
519 3.2 2vsulasdyasemnaenilunanea

a3

Yyanunisesulswssiuvesdyanondn  szdeslivinanmanzauiunssessy

H
o/ a A

~ A o P S o qIY A
"ll't']\'lulﬂclf ADC 0820 ﬂﬂ’]lﬂﬁﬂﬂﬂuiz&]ﬂ Q‘Jﬂg1mﬂ1u@uw1ﬂﬂlﬁlu1ﬂ 0-5 Tmﬂ Vnolﬂﬁ'f]\illﬂ'lﬁ

Q

o Ay ~ o o/ 4 a 10 YA v 9 o ~
uausaduNEIn Tﬂmaﬂﬂszﬂmmaqjmmmuauww"luiwmmﬂmmwamwumm%m

& a @

ADC 0820 Tasdayanadsaoai Idezgads T idfu Mcs-s1 alludufaanuzvesluga USB

g/l o 4 o 1 @ a o
nntiuTuga USB sziudoyadh liliweshmsdedoyauuveynsuldfuneuiunos



3.3 manuguMsasteyavesliga USB lag MCS-51

nvuedY

Y
/\\

No

'Data to USB Module

5171 3.3 uaag flow chart Mydatoyavesluga USB lay MCS-51
25UIeMININIUYEI MCS-51 inuaumsdidoyavedluga
Y o o 1 £ = ~ [ dy
Fudumsihauvesllsunsy Tilsunsuezfhmuaiiaie Faziisvazdoanall
E =0 (lueouausimsdunassw)
EA =1 (AOUAUDINMIDUADSSW)

EX0 = 1 (ADUAUBINITOUNDS SW INTHOH)

26



WR =0 (84 lulimsdadoyn)

RD =0 (3 lutimssudeya)

27

¥
310t U TUsunT A MINMSATINTBUVAD UL VDIV TXF# (P31 NHAUMAY 0 w30l

¥ { o 4 3 1 @ o
msizndluga USB wiouivziudeyadh liulasdoyaioriimsdslddunesa UsB Tuga

o os.ll [ vy ) VY 9 ~ o v Y <
USB MM TXF# Glﬂllﬂuﬂ1ﬂﬂ ‘0’ Llﬁﬂ'lillfl]a USB thWﬁEHJVﬁ]ZV]’]ﬂ'ﬁTUsUfJQJ‘]aﬂ%gM

=

:11 1 YA ¥ 1 o A
MR TXF# Aoy v lumshauvesldsunsy Tdsunsuaziimsasingouaniug

QS/I A v Y A s T a o’/’ 4
VI TXF# NNATNNIMITIUBYA Gluﬂimﬂ"lﬂ TXF# uaunt <0’ Tdsunsuaziimsdemvoan

yﬂ o y @ Y 3 A o 1y 3 3 o o
wR il 1 Lwemzmmsmﬂmgamqiuﬂa USB M Iavayatdsanasninisniny

A v E4
wr 1iilu 0 sniduldsunsuegndulasieaeudniiluga UsB wioufiagl#idedoyalunss

a0 'l1n5o i

Ed
Tuga USB ag lindeusudeyalunsdidse i

@ <3 [~ I8
- Buffer meludivesluga USB Timsitudeyasuduud 384 1u)

T 1 ¢ﬂ' T Y 3 1 9/ dy
- eq"luﬁmaz”lmmuaamﬂmsﬁwagaiuﬂsaﬂauﬂmu

P1.0
P11
Piz2
P13
P14
P15
P16
P17

MCS-51

P3.1
INTO#P3.2

P36
P3.7

+5V

oo [~ [ [on | oo o |-

TXE#

Module USB

WR

RD#

11.0592
MHz

Ty

A 9
5UN 3.4 1asmisaedoya

U

Qa

A [ q/
% MCs-51 Wudnugy



¥ d

RXF#
WR
o7
D3

25| 26—

121 22]

NIXE# 5 T1e

N uo192005
N_24]
N—22I 5 24| 2
N_ Do

mmmmmm

©

ojolaolo|lo|laloyo
*-—
L BB EEREE

~

AT89C51

13
1l
18]

WR 16

RD# 17
18

19

20

2
=+

24MHz []Lr

o o ~lo

[y

v

ADC 0820

El 91

1’

ADC 0820

o o ~lo

w| <

X
o
AN —

1™
1N4733A  [1N4148

=

]
LAAAN

/%OK
INPUT

10K

™
1N4733A  |[1N4148

=

10K

///5%12:;K
INPUT

P o 3 \
g"}J‘n 3.5 gﬂawsmimﬁmmmmiuﬂm YYIULASNITAIVDYA



L

UNN 4

NIINeaddasHan1IInaasN

4.1 YHUADUNITNAADY
o a o < 7 ¢ . .
4.1.1 imsaana D2xX lasalasnines (D2XX Direct Driver)
‘i‘ﬁms aﬂﬁd D2XX Direct Driver

4.1.1.1 sioae USB ihiuTuga Ezy UsB-Mo1 aimfuiulafezuanslaozion

o oL i 3 a a :/’ o’/‘ a i
msasenusans Inimeluszuy sinduadnidenmsaasa aagil 188N Next

Welcomg to the Found New
Hardware Wizard

This wizard helps vou install software for:

Astron Logic Ezy USB-MO1

=1 If your hardware came with an installation CD
% 22 or floppy disk, inzert it now.

What do you want the wizard to do?

£ Install the software automatically (Recommended)
& Install from a list or specific location [Advanced]

Click Next to continue.

Cancel |

4 a @ ¢ 29 o A a ¢
JU7 419U Tadas N e vl wazimsmenjduumsanada



30

w 3 = < o @ 9 d? og.: a o
4.1.1.2 wmmﬂumm"lmmﬂﬂmmumsﬂumﬂimawm AMNUHUAGNN
~ = I A - s o8 Y A . s 7
Browse %:u'lﬂazaaﬂﬁmﬁmaaﬂmgmmT‘Namassuum 1¥1a0n Directory Y99 Inames D2XX
. . & Y} A A 4 o . . Y q ¥
Direct Drivers 3MNUULAINA OK NIUIUB ‘Vl’é]gll‘ll’t)ﬂﬂamﬂi D2XX Direct Drivers azudalvis

= < o s B o
nswdnlulaszhendmiumsfum asgy

e R

Please choose your seaich and installation options.

£9) Searchlor the best divet i Thase fosations
Use the check boxes below to it of expand the defsult search,
paths and meda. The best d)

iver otmdwﬁbe

4 Tester Software
lobalep

‘]Jﬁ 4.2 MsAUM Directory 9494 D2XX Direct Drivers m@mmsmm

% :JI ¥ ] & A o
4113 vasntu Wisudenn ludesdimsdum 511didenlasnesiesyih

¥ ¥
myaans 1Aud degil ansiuldadn Next

- unfvj"ﬂe‘\‘ﬁ Hérdware Wica

Please choose pour search and installation oplions.

P A YR A a o o o
gih’] 4.3 fnilaaﬂgﬂllu'l]ﬂ']iﬂuﬂauﬂ%gﬂﬂﬂthﬂiljaﬁ



31

c?/’ ] a o o .
4114 nimivagiilaozdon Idsudonyiavesglnsainezldiy D2XX Direct

Driver 1ﬁli1lﬁﬂ AN Universal Serial Bus controllers ﬁlﬂgﬂ Llél’lﬂaﬂ Next

Hardware Type.

Seleet é’ha‘tciiﬂémlype, at%nd e click Nex

Common hardware ypss:

% Sound, video and game controllers
4 Storage volume shadow copies
%4 Storage volumes

System devices

Tape drives

.
g @Wlndows CE USB Devices

511 4.4 madenwsiiavesgiinssiney 191y D2XX Direct Driver

Q

s o = . s I S a4 .
4.1.1.5 3135920 T1UDY Directory va4lasnesonaselis adn A Have Disk

E4 1 v v
nntiuldisudeniiogues lasinesmisuden 13dhedudnasa dagil uda adin oK meduniie

Select the device driver you want to install for this hardware.

Insiall Frem Di

Insertthe mahufactux installation disk, and then 1 K i

make stire thet the corec .
- ..Cancel !

Select the mantiactirer and mode! of vour hardware device and then click N
have aidisk that cantaing the driver you want to install, elick Have Disk.

[Bowe. ]




32

@ 4 . o 0 Yo s 3
4.1.1.6 M8 INAITNADA Directory Yo lasnesiduasansiud laozdeny

o ol o a us/l o a Qsll 3 Y a 1
uaaslasnesnsnziimsaanlfisgdnass mntduliies adn Next ao il

Select the device driver you want to install for this hardware.

. Sl aciies: o) s el thin click Nest 1f pou
%” have a dlSk tl'tat cortains the diver you want to install click H sk

- [¥] Show compatible hardware

4 ¢ oA o a & qYw ¢ ¢
E“lJVI 4.6 Llﬁﬂ\‘ll‘lﬂ3&'3?]51’1L§1%$1/]1ﬂ'13(‘1ﬂ@]\ﬂ14ﬂ‘]J J1IALT

= [ 9 a n’;’ 3 ~ vy
4.1.1.7 ﬂznqﬂﬂgﬁﬂﬂiﬂlﬁ ‘i’f]ﬂ”liﬁﬂﬁ\ﬂﬂ‘ilm‘ill AIAUUITUNTITATINEINNIINDINTG
v

fazAndane 11/nSold 1¥i51a8n Hen Continue Anyway fo 11/

Please wait while the wizard installs the software...

. - The coltwars you ate ir_\sfalﬁng for thishaidware:
é  Astion Logic Ex USE Modile : ‘ | AvionlogeEr USBHodde

has ‘ol passed Windows Logo lesung to:verty it compatihiity
: ndowsXP {Telf me whthis tegm]g tmpotiant)

o Doramumy 9yous in: Hation of this software Ray Enpaif
of destabilize the cotsect operation of your spstem
in the future. Microsoft stiongly
u stop this installation now and
_contact the hardware vendot for software that has
passed Windows Logo testing:

Continue Angwey | £ STOR Installalion

s 4.7 myaagaTsunsuveslasned



33

o o A g =< a o P - ¥ A
4.1.1.8 ﬂmmﬂumzu”lﬂa:aaﬂ HEPNDINTAAN nlﬂﬁl’)’f]i IFIALDT WIDUNIY

9/ @ o ay o o 9 A A A le o o
Tisdadule@ugamaaslasnes 1dis1aand Finish iledugamsas lasios

Completing the Found New
Hardware Wizard

The wizard has finished installing the software for:

% Astron Logic Ezy USB-Module

Click Finish to close the wizard.

= = a @ s ¢ & a P v
zﬂVI 4.8 HTANDINMTIAAANY v_lﬂﬁl')ﬂﬁ LA IBUTYVIDYLIATD

4.1.19 wiawisonsndenldiluga Bzy USB-Mo1 annsaiainlanie’l
{ { a { 3 T
Taemsq# Control Panel > System N5 Hardware U&IAANA Device Manager 3211 16 1%

o A 1w a ¥ @
$19M58715 I NABA LS LUVIT18M DI Astron Logic Ezy USB Module 1AL 4951

Computer

isk drives
Display adapters
DVD{CD-ROM drives
Z3 Floppy disk controllers
- &%, Floppy disk drives
5%y IDE ATA/ATAPI controllers
5 vboards

, Mice and other pointing devices

Monitors
Network adapters
Ports (COM & LPT)
Sound, video and game controllers
System devices
Universal Serial Bus contrallers

USB Rogt
-8gb VIA Rev 5 or later USB Universal Host Controfler

~ o P A g
E'lh/l 4.9 'i'lﬂfn'i813@LL'J§WQT]L‘WJJHJ'IN']



34

4.1.2 floudaanaudinied@unn

413 v'i1mﬁﬁﬂﬁtymumgﬂﬂﬁ"uﬁ"lﬁ’mﬂTﬂiunsaJaaﬁél?aTaﬁTﬂﬂzﬁemﬁ‘u Yy 1dan
Avmenovadaladlal

4.1.4 nasosdlouanudinaiey anwd

o Q@ 2 o AW ¥
4.1.5 imstuingldayanaild

4.2 Hananed

=

4.2.1 oudyaaufimasuniiud 20Hz

TeK Run: 2.50k$/sE Sample
K

C1 Pk—Pk
5.32V¥

C1 Freg
19.999 Hz
Unstable
histogram

Thi 7~ 440mV g May 2005
00:50:50

=

51/ 4.10 Sadyanadmasuiinnud 20 Hz Sreddnoaseddalanlall



i

_Edk View telp

. . ) [} . .
L e e L I A St B B e i "
[Ch [ T M2 60ms Chi 7 360mYV

C1 Pk-Pk
3.29V

C1 Freq
100.01 Hz

00:04:46

d' d' d' d' FY an o
adaanufmvaouinud 100 Hz Adeasnoavodada lad lail

35



P =) T

o

423 floudyanumuvdsunud S00Hz

Tek Run: IOUKS/S[: Sample

C1 Pk—-Pk
3.36V

C1 Freqg
502.52 Hz
Unstable
histogram

4

ICH | RN RY ] ~ i S00ps Chi F 420mvV g May 2005
00:16:02

d' o = d' d' Y any oy
319 4.14 Jadygramumasunaaud 500Hz Meaaneaseadalaainl

36



05 msec v; Time/Di

4.2.4 floudaanaansianud 1 kiz

Tek Run: 250kS/sr . Sample

,.

C1 Pk—Pk
3.08V

C1 Freq
1.0010kHz

00:19:53

51l% 4.16 Sadaanaseifnnud 1 kHz AreRinensoadaladin

37



| [BZmeec =} Tmely

; HUN
i AR
sToP

C1 Pk—Pk
3.9V

1 €1 Freq
A 10.0336kH2z

00:21:15

51 4.18 fadanametiianud 10 kHz AvAdneneoadaladlal



’ /ﬂ\‘\ ;r/\‘ //\\ /—\ \ // \\
\ [\
\\ . ’ \ \ }
RV RYERY
\_/ \_/
\V U \J \ \

4.2.6 Hloudyanaaneiiaud 20 kHz

TeK Run: Z.SOMS/g Sample
4

3
A
PR 100 V.. FETEEEE BT ST ST ST SR Mzo.o“s ch1j‘420mv SMay 2005
00:22:37
o Qs
aday

1UEIINAIND 20 kHz dreRdneavoada lag 1ail

C1 Pk—Pk

C1 Freq
19.920kHz

39



A /\\\ /\ /\ N\

\ /
\J \J \J \Vj U/

%100usec ixj TmelDiy

SSTaR

A o o A Y A
311 4.20 Tadgaansinaud 20 kHz Ag # o 1al

427 Houdyanudmdsuanud 2 kHz 2 dyana

Tek Run: 250k5.r’sr Sample
K

C1 Pk~PK
2.00V

C1 Freq
2.0165kHz
Low signal
amplitude

00:31:08

] 1
=

can
=
=h.
N
N
ho]

2

2
—
2
Ea)) )

MasuANLD 2 kHz 2 dayanu AleATnoavaadalad iny

40



[0 mees vl T/

o | [

[ e

51 4. 22%adyanadmaoniinaud 2 kiz 2dygu dre W o lay

C1 Pk—Pk
1.88V

1 C1Freqg
10.0000kHz

Low signal

amplitude

™I 1.00V  Ch2 1.00V M50.0p5 Chl 420mMV g May 2005
00:33:11

~ o o = = @/ Y an a
51l%1 4.23 Sadyapaneinanud 10kHz 2 dygu AedAdneasoddalaiml



42



43

~
unns

a d
’sTiq‘lJNﬁﬂTiTlﬂﬁﬂ\‘l!szﬁ]ﬁm

= ] P o 2 v & a a
vinwamsnaaesluuni 4 szwiuldhgldyanainldesniniu  wzfaanuranaa

¥ 1 T [ £4 H [
nnadudie¥anwdgand 20 kiz Wesmnlddasimsuanilas Aldmungauduanudnldly

8 v . ¥
msiadaan uagild e scopk HlFiadyanaldnarudgegamifiu 20 kHz mindu dw
Y g v y 3y <3 v = o ;
auanusrlumsdedoya munsadaldnanuGa 1 MByte/sec mudoyanszyinduluga ud

1 1 9 P 9 1 1 o @ A =) 4
nnmsnaans immsodeldauiiszyld udedlsiawddinnuiduSer Indweaums uas
4 Ay =~ 1 ) 4 o a 1 v Qy { ]
diosmnl¥msusinldaiiugiag mlddeihdeyan Plot Sufasoereszuiamsuamilash
T nﬂ' o ¥ [ Ad' Y ' o/ d‘

aotitos hidgldgananldesning lidreny uazdganuiiuaasuuaemnees pe scope 3¢

A v Yo et A 9 . d' [ A A A o . d 3 o
Laﬂu'lllﬁfalﬂﬂgﬂ‘U'Vlluﬂﬂ5]1ﬂ1“]fﬂ1ﬁsampllngﬂvlllﬂﬂluﬁ]\'i ADINDNINTG  sampling LEIINISUUDI

[

Y] o A o 3 g ° R '
doyah 181 plot uaziilet1ns plot aFaneziims sampling 11yl
9 v
msfaseduusedulii dummnsedald s vpp wasiildsedudyapanld &
o { o o :/l a ' o
usssu lwfhida 18 Tae T sunsueeada laa Tatiulinwranma  loananglnsainiediy

P s oA o &
3 numsaanounsaau e



44

UIIaHYNIN

o Y [T o @ A o
s Iwyadiaunns uag yaeud ifeade, dudalan USB @10Ezy USB Module, d1inin

o a A ad dan v do @
Uﬁi&lﬂlt@ﬁﬂﬁﬂuﬁﬂ‘ﬂﬂilﬁi“ﬁllﬂuﬂﬂﬂﬁﬂﬂlhuﬁ%Tﬂﬂ, 2537
= o a {I =

155 $edadl, allem e 1151051 Microsoft Visual C++ V6.0, dilnuiusEndasaiify

q 9

19,2544



MANUIN



MANUIN N,

L

aiemaldau Wa alail



1. Saawald 0-20 kHz
2. Fausewulfqega3 v
3. ansoiald 2 desdamna

@

o A ¢ A A o A ¥
4, aﬂﬁﬂgmﬂmgﬂﬂaumwu AU IViagy ua:’;ﬁmmaﬂu'lﬂ

YV
Mmsldau
1. 1¥ulagsedhfiunesa USB
¥ ) 3
2. AISNAYN reset NOUNNATI WoRDIMs 1F1unTe W alail

o T ' a o
3. TumslFnusezivuanianeg 18 laedumaniinedunosiia

[ Y a d
fnvazninveomme e

.

Fie FdE View Feb

19N Time/DIV

i

nadedeamsTiimsndengdamm
naiadoent inganswioazildynn
uerasanIzAsineuYes i3 alnl

Woudumegldyanuumauou donmsldanuvegosdanin

1@on VolyDIV

517 n.1 niheodumesive

G



Y

1.2 Murthénaes W o 1ail

et
=
=h.

517 n.3 Aumdedanass # o lnyl



MANUIN V.

Data Sheet



June 1999

&National Semiconductor

ADC0820
8-Bit High Speed pP Compatible A/D Converter with
Track/Hold Function

General Description Features

By using a half-flash conversion technique, the 8-bit ® Built-in track-and-hold function

ADC0820 CMOS A/D offers a 1.5 pus conversion time and ~ ® No missing codes

dissipates only 75 mW of power. The half-flash technique  m No external clocking

consists pf :.’>2 comparators, a most significant 4-bit ADC and  m Single supply—5 Vpe

a least significant 4-bit ADC. ® Easy interface to all microprocessors, or operates
The input to the ADC0820 is tracked and held by the input stand-alone

sampling circuitry efiminating the need for an external w Latched STRI-STATE output

sample-and-hold for signals moving at less than 100 mV/us. g4 Logic inputs and outputs meet both MOS and T2L
For ease of interface to microprocessors, the ADC0820 has voltage level specifications

been designed to appear as a memory location or I/O port g

Operates ratiometrically or with any reference value
without the need for external interfacing logic.

equal to or less than V¢

. R 0V to 5V analog input voltage range with single 5V
Key Specifications supply

B Resolution 8 Bits m No zero or fuII-scale. adjust required .
) i m Overflow output available for cascading
B Conversion Time 2.5 ys Max (RD Mode} 0.3" standard width 20-pin DIP
1.5 us Max (WR-RD Mode)  m 20-pin molded chip carrier package
B Low Power 75 mW Max = 20-pin small outline package
m Total Unadjusted m 20-pin shrink small outline package (SSOP)
Error +%% LSB and £ 1 LSB

Connection and Functional Diagrams

Dual-In-Line, Small Outline

Molded Chi rrier
and SSOP Packages p Ca
Package
/
vin—{1 20|=Veo 55883
DBO—{2 19f—-nc
ol I [ " 1918 17 16 15 1413__&
DB2—14 17}—087 Veo 12|~ Vger (+)
DB3—15 16|~DB6 Vin 11~ Veer (=)
WR/RDY ~6 15|—DB5 DBO «o~cnD
MODE—]7 14}-DB4 DB1 ] 0
R s[-C8 NEREEN
INT—{9 12 —VREF (*‘) E R
o o O Qi
GND—{10 1= Veer (<) a e g9
5 .
DS005501-1 D8005501-33

Top View

© 2001 National Semiconductor Corporation DS005501 www.national.com
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ADC0820

Vin

Connection and Functional Diagrams (continued)

VREF( + ) ey

OFL
4-BIT
FLASH
ADC
{4 MSBs)

P DOFL
e DB7
|— DB6
— 085
p— DB4

4 va L A

OUTPUT
LATCH
AND
TRI-STATE
BUFFERS

VREF(— ) ==——vy

—DB3
e DB 2

4-BIT
FLASH
ADC

(4 LSBs)

j—DB1

vy vew

TIMING AND CONTROL CIRCUITRY

I—T—T

MODE R /RDY s RD
DS005501-2
FIGURE 1.
Ordering Information
Part Number Total Package Temperature
Unadjusted Error Range
ADCO0820BCV V20A—Molded Chip Carrier 0°C to +70°C
ADC0820BCWM +15 LSB M20B —Wide Body Small Outline 0°C to +70°C
ADC0820BCN N20A—Molded DIP 0°C to +70°C
ADC0820CCJ J20A—Cerdip -40°C to +85°C
ADCO0820CCWM +1 8B M20B —Wide Body Small Outline 0°C to +70°C
ADC0820CIWM M20B —Wide Body Small Outline -40°C to +85°C
ADC0820CCN N20A — Molded DIP 0°C to +70°C
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Absolute Maximum Ratings (Notes 1, 2)

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

10V
-0.2V to Vg +0.2V
-0.2V to Vg +0.2V
-65°C to +150°C

Supply Voltage (Vee)

Logic Control Inputs

Voltage at Other Inputs and Output
Storage Temperature Range

Package Dissipation at T, = 25°C 875 mW
Input Current at Any Pin (Note 5) 1 mA
Package Input Current (Note 5) 4 mA
ESD Susceptability (Note 9) 1200V
Lead Temp. (Soldering, 10 sec.)

Dual-In-Line Package (plastic) 260°C

Converter Characteristics

Dual-In-Line Package (ceramic) 300°C
Surface Mount Package
Vapor Phase (60 sec.) 215°C
Infrared (15 sec.) 220°C

Operating Ratings (Notes 1, 2)

Temperature Range TrnSET ASTmax

ADC0820CCJ -40°C<Tp<+85°C
ADC0820CIWM —40°C<T,<+85°C
ADCO0820BCN, ADC0820CCN 0°C<T<70°C
ADCO0820BCV 0'C<TA<70°C
ADC0820BCWM, ADC0820CCWM 0°C<TA<70°C
Ve Range 4.5V to 8V

The following specifications apply for RD mode (pin 7=0), V=5V, Vrer(+)=5V.and Vgee(~)=GND unless otherwise specified.
Boldface limits apply from Ty, to Tyax; all other limits To=T,=25°C.

Parameter Conditions ADC0820BCN, ADC0820CCN Limit
ADC0820CCJ ADCO0820BCV, ADC0820BCWM Units
ADC0820CCWM, ADC0820CIWM
Typ Tested Design Typ Tested Design
(Note 6) Limit Limit (Note 6) Limit Limit
(Note 7) {Note 8) (Note 7) (Note 8)
Resolution 8 8 8 Bits
Total Unadjusted ADCO820BCN, BCWM R A7) E A% LSB
Error ADC0820CCJ +1 LSB
(Note 3) ADCO0820CCN, CCWM, CIWM, +1 *1 LSB
ADC0820CCMSA +1 £1 LSB
Minimum Reference 2.3 1.00 23 1.2 kQ
Resistance
Maximum Reference 2.3 6 2.3 5.3 6 kQ
Resistance
Maximum Vggg(+) Vee Vee Vee \Y
Input Voltage
Minimum Vggr(-) GND GND GND \Y
Input Voltage
Minimum Vgeg(+) Vrer(-) VRer(—) Vrer(™) \4
input Voltage
Maximum Veeg(-) VRrer(+) VRer(*) VRer(+) \4
Input Voltage
Maximum Vy Input Veet0.1 Veet+0.1 Veet0.1 A"
Voltage
Minimum Vy Input GND-0.1 GND-0.1 GND-0.1 \Y
Voltage
Maximum Analog CS =V¢
Input Leakage Vin=Vee 3 0.3 3 BA
Current ViN=GND -3 -0.3 -3 HA
Power Supply Vce=5Vi5% +1/16 473 +1/16 14 v, LSB
Sensitivity

www.national.com
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ADC0820

DC Electrical Characteristics

The following specifications apply for V=5V, unless otherwise specified. Boldface limits apply from Ty, to Tyax; all other
limits To=T,=25C.

Parameter Conditions ADC0820BCN, ADC0820CCN Limit
ADC0820CCJ ADC0820BCV, ADC0820BCWM Units
ADC0820CCWM, ADC0820CIWM
Typ Tested Design Typ Tested Design
(Note 6) Limit Limit (Note 6) Limit Limit
(Note 7) | (Note 8) (Note 7) (Note 8)
Vingr), Logical “17 V¢e=5.25V CS,WR,RD 2.0 2.0 2.0 \%
Input Voltage Mode 3.5 3.5 3.5 \
Ving). Logical “0” Vee=4.75V CS,WR,RD 0.8 0.8 0.8 \
Input Voltage Mode 1.5 1.5 1.5 \
Iingay. Logical “1” Vingy=5V; CS , RD 0.005 1 0.005 1 pA
Input Current Viny=5V; WR 0.1 3 0.1 0.3 3 PA
Vingy=5V; Mode 50 200 50 170 200 pA
Iingoy L-ogical “0” Vingy=0V; CS ,RD , WR, -0.005 -1 -0.005 -1 uA
Input Current Mode
Vourg). Logical 17 Vee=4.75V, loyr=—360 pA; 24 2.8 2.4 v
Output Voltage DB0-DB7, OFL , INT
Vee=4.75V, loyr=-10 uA; 4.5 46 4.5 \Y
DBO-DB7, OFL , INT
Voury. Logical “0” Vee=4.75V, loyr=1.6 mA; 0.4 0.34 0.4 Y
Output Voltage DBO-DB7, OFL , INT , RDY
lour, TRI-STATE Vour=5V; DB0-DB7, RDY 0.1 3 0.1 0.3 3 uA
Output Current Vour=0V; DB0-DB7, RDY -0.1 -3 -0.1 -0.3 -3 pA
Isource, Output Vour=0V; DB0-DB7, OFL -12 -6 -12 -7.2 -6 mA
Source Current INT -9 -4.0 -9 -5.3 -4.0 mA
Isink: Output Sink Vour=5V; DBO-DB?, OFL , 14 7 14 8.4 7 mA
Current INT , RDY
lcc, Supply Current CS =WR =RD =0 7.5 15 7.5 13 15 mA

AC Electrical Characteristics
The following specifications apply for V=5V, {,=t=20 ns, Vgee(+)=5V, Vree(-)=0V and T4=25°C unless otherwise specified.

Typ Tested Design
Parameter Conditions (Note 6) Limit Limit Units
(Note 7) (Note 8)
terps Conversion Time for RD Pin 7 = 0, Figure 2 1.6 25 us
Mode
tacco, Access Time (Delay from Pin 7 = 0, Figure 2 tcrpt20 terpt50 ns
Falling Edge of RD to Output
Valid)
tcwr-rp: Conversion Time for Pin 7 = Ve twr = 600 ns, 1.52 us
WR-RD Mode trp=600 ns; Figures 3, 4
twr, Write Time Min Pin 7 = V¢ Figures 3, 4 600 ns
Max (Note 4) See Graph 50 us
trp, Read Time Min Pin 7 = Vc; Figures 3, 4 600 ns
(Note 4) See Graph
tacct, Access Time (Delay from Pin 7 = Ve, trp<t; Figure 3
Falling Edge of RD to Output C_ =15 pF 190 280 ns
Valid)
C_=100 pF 210 320 ns
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AC Electrical Characteristics (continued)
The following specifications apply for Voc=5V, t,=t,=20 ns, Vree(+)=5V, Vree(-)=0V and T,=25°C unless otherwise specified.

Typ Tested Design
Parameter Conditions (Note 6) Limit Limit Units
(Note 7) (Note 8)
taccar Access Tim_e (Delay from Pin 7 = Ve, trp=ty; Figure 4
Falling Edge of RD to Output C. =15 pF 70 120 ns
Valid) C_=100 pF 90 150 ns
tacca, Access Time (Delay from Rpyiue = 1kand C = 15 pF 30 ns
Rising Edge of RDY to Output
Valid)
t,, Intemal Comparison Time Pin 7=V, Figures 4, 5 800 1300 ns
C_ =50 pF
tin, ton, TRI-STATE Control R.=1k, C_ =10 pF 100 200 ns
(Delay from Rising Edge of RD to
Hi-Z State)
tinTL. Delay from Rising Edge of Pin 7 = Ve, C = 50 pF
WR to Falling Edge of INT tro >ty Figure 4 t; ns
tro<ty; Figure 3 trpt200 trp+290 ns
finThs Delay from Rising Edge of Figures 2, 3, 4 125 225 ns
RD to Rising Edge of INT - C_=50 pFc
tinTHWR, Delay from Rising Edge of Figure 5, C, =50 pF 175 270 ns
WR to Rising Edge of INT
troy. Delay from CS to RDY Figure 2, C_=50 pF, Pin 7 =0 50 100 ns
t\o, Delay from INT to Output Valid Figure 5 20 50 ns
tri, Delay from RD to INT Pin 7=Vee, tro<t 200 290 ns
Figure 3
tp, Delay from End of Conversion Figures 2, 3,4, 6 500 ns
to Next Conversion (Note 4) See Graph
Slew Rate, Tracking 0.1 Vius
Cvins Analog Input Capacitance 45 pF
Cour Logic Output Capacitance 5 pF
Cin» Logic Input Capacitance 5 pF

Note 1: Absolute Maximum Ratings indicate limits beyond which damage to the device may occur. DC and AC electrical specifications do not apply when operating
the device beyond its specified operating conditions.

Note 2: All voltages are measured with respect to the GND pin, unless otherwise specified.
Note 3: Total unadjusted error includes offset, full-scale, and linearity emrors.
Note 4: Accuracy may degrade if tyr or trp is shorter than the minimum value specified. See Accuracy vs tygr and Accuracy vs trp graphs.

Note 5: When the input voltage (V) at any pin exceeds the power supply rails (Viy < V7or Viy > V*) the absolute value of current at that pin should be limited
to 1 mA or less. The 4 mA package input current limits the number of pins that can exceed the power supply boundaries with a 1 mA current limit to four.

Note 6: Typicals are at 25°C and represent most likely parametric norm.

Note 7: Tested limits are guaranteed to National's AOQL (Average Outgoing Quality Level).

Note 8: Design limits are guaranteed but not 100% tested. These limits are not used to calculate outgoing quality levels.
Note 9: Human body model, 100 pF discharaged through a 1.5 kQ resistor.

5 www.national.com
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ADC0820

TRI-STATE Test Circuits and Waveforms

tiH ti C =10 pF
V%c
RD
— DATA
£8 oUTPUT .
v
o 1% pata °H 0%
ouTPUTS
—-— = — = GND —
- = - = ty=20ns
ton DS005501-4
DS005501-3
t=20 ns
ton ton, C =10 pF
Vee Vee
1k
AD DATA

Ve ——————
QUTPUT oata € /‘
UTPUTS o

DS005501-6

—1a]
"l
||Hp

DS005501-5 t=20 ns

Timing Diagrams

/ \
\
L5

N
m Si ]Z EF\_ .

RDY — WITH EXTERNAL PULL-UP

! ROY |w——
1ACC3 [e— AIRTH—=

+—————{cRp————

050.957______.______——3 - - ————

tacco — «— K. lon
DS005501-7

Note: On power-up the state of INT can be high or low.

FIGURE 2. RD Mode (Pin 7 is Low)
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Timing Diagrams (continued)

|— tRD —te———1p
m 3‘ 7!
—| |<—ta
INT
—lUNTL—7—| —= ~—tiNTH
uan-ow—-—————---l E___
tacc1— -— — «—*tiH. toH

DS005501-8

FIGURE 3. WR-RD Mode (Pin 7 is High and tzp<t,)

J—twa —=|
“ﬁls_if o

RO 3‘ 7r_—
=
INT - (
)

DED-DBT mm o o  — w ———— < i_

taccz—| |+—

tH, to-— [

DS005501-9

FIGURE 4. WR-RD Mode (Pin 7 is High and tzp>t)

S Low

RO Low

DBO-DB7 >- ————— g DATA VALID >-——

DS005501-10

FIGURE 5. WR-RD Mode (Pin 7 is High)
Stand-Alone Operation
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ADC0820

Typical Performance Characteristics

L.ogic Input Threshold
Voltage vs Supply Voltage
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t,, Internal Time Delay vs
Temperature
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Power Supply Current vs
Temperature (not including
reference ladder)
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Description of Pin Functions

Pin Name Function

Vin Analog input; range =GND<V | <V
DBO TRI-STATE data output—bit 0 (LSB)
DB1 TRI-STATE data output—bit 1

DB2 TRI-STATE data output—bit 2

DB3 TRI-STATE data output—bit 3

WR WR-RD Mode

[RDY WR: With CS low, the conversion is
started on the falling edge of WR.
Approximately 800 ns (the preset internal
time out, t,) after the WR rising edge, the
result of the conversion will be strobed
into the output latch, provided that RD
does not occur prior to this time out (see
Figures 3, 4).

RD Mode

RDY: This is an open drain output {no
internal pull-up device). RDY will go low
after the falling edge of CS; RDY will go
TRI-STATE when the result of the
conversion is strobed into the output
latch. It is used to simplify the interface
to a microprocessor system (see Figure
2).

Mode: Mode selection input—it is
internally tied to GND through a 50 pA
current source.

RD Mode: When mode is low

WR-RD Mode: When mode is high
WR-RD Mode

With CS low, the TRI-STATE data
outputs (DB0-DB7) will be activated
when RD goes low (see Figure 5). RD
can also be used to increase the speed
of the converter by reading data prior to
the preset internal time out (t;, ~800 ns).
If this is done, the data result transferred
to output latch is latched after the falling
edge of the RD (see Figures 3, 4).

RD Mode

With CS low, the conversion will start
with RD going low, also RD will enable
the TRI-STATE data outputs at the
completion of the conversion. RDY going
TRI-STATE and INT going low indicates
the completion of the conversion (see
Figure 2).

D WN =

7 Mode

1.0 Functional Description

1.1 GENERAL OPERATION

The ADCO0820 uses two 4-bit flash A/D converters to make
an 8-bit measurement (Figure 1). Each flash ADC is made
up of 15 comparators which compare the unknown input to a
reference ladder to get a 4-bit result. To take a full 8-bit
reading, one flash conversion is done to provide the 4 most
significant data bits (via the MS flash ADC). Driven by the 4

Pin Name
9 INT

Function

WR-RD Mode

INT going low indicates that the
conversion is completed and the data
result is in the output latch. INT will go
low, ~800 ns (the preset internal time
out, t,) after the rising edge of WR (see
Figure 4); or INT will go low after the
falling edge of RD , if RD goes low prior
to the 800 ns time out (see Figure 3).
INT is reset by the rising edge of RD or
CS (see Figures 3, 4).

RD Mode

INT going low indicates that the
conversion is completed and the data
result is in the output latch. INT is reset
by the rising edge of RD or CS (see
Figure 2).

Ground

The bottom of resistor ladder, voltage
range: GND<Vgee(—)sVgee(+) (Note 5)
The top of resistor ladder, voltage range:
Vrer(7)<Vrer(+)sVec (Note 5)

CS must be low in order for the RD or
WR to be recognized by the converter.
TRI-STATE data output—bit 4
TRI-STATE data output—bit 5
TRI-STATE data output—bit 6
TRI-STATE data output—bit 7 (MSB)
Overflow output— If the analog input is
higher than the Vgge(+), OFL will be low
at the end of conversion. It can be used
to cascade 2 or more devices to have
more resolution (9, 10-bit). This output is
always active and does not go into
TRI-STATE as DB0-DB7 do.

No connection

10 GND
11 Vger(-)

12 Vger(+)

13 CS

14 DB4
15 DB5
16 DB6
17 DB7
18 OFL

19 NC

20 Vee Power supply voltage

MSBs, an internal DAC recreates an analog approximation
of the input voltage. This analog signal is then subtracted
from the input, and the difference voltage is converted by a
second 4-bit flash ADC (the LS ADC), providing the 4 least
significant bits of the output data word.

The internal DAC is actually a subsection of the MS flash
converter. This is accomplished by using the same resistor

www.national.com
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ADC0820

1.0 Functional Description (continued)

ladder for the A/D as well as for generating the DAC signal.
The DAC output is actually the tap on the resistor ladder
which most closely approximates the analog input. In addi-
tion, the “sampled-data” comparators used in the ADC0820
provide the ability to compare the magnitudes of several
analog signals simultaneously, without using input summing
amplifiers. This is especially useful in the LS flash ADC,
where the signal to be converted is an analog difference.

1.2 THE SAMPLED-DATA COMPARATOR

Each comparator in the ADC0820 consists of a CMOS in-
verter with a capacitively coupled input (Figures 6, 7). Ana-
log switches connect the two comparator inputs to the input
capacitor (C) and also connect the inverter’s input and out-
put. This device in effect now has one differential input pair.
A comparison requires two cycles, one for zeroing the com-
parator, and another for making the comparison.

In the first cycle, one input switch and the inverter’s feedback
switch (Figure 6) are closed. In this interval, C is charged to
the connected input (V1) less the inverter’s bias voltage (Vg,
approximately 1.2V). In the second cycle (Figure 7), these
two switches are opened and the other (V2) input’s switch is
closed. The input capacitor now subtracts its stored voltage
from the second input and the difference is amplified by the
inverter's open loop gain. The inverter’s input (V') becomes

Vg—(V1—V2
B~ )c+cs

and the output will go high or low depending on the sign of
Vg'-Vg.

The actual circuitry used in the ADC0820 is a simple but
important expansion of the basic comparator described
above. By adding a second capacitor and another set of
switches to the input (Figure 8), the scheme can be ex-
panded to make dual differential comparisons. In this circuit,
the feedback switch and one input switch on each capacitor
(Z switches) are closed in the zeroing cycle. A comparison is

z
R LADDER
vy —o/
s
Vin
(vlz) —o/
z
ANA GND
(V3)
1/2 LSB _/

(v4)
DS005501-14

then made by connecting the second input on each capacitor
and opening all of the other switches (S switches). The
change in voltage at the inverter’s input, as a result of the
change in charge on each input capacitor, will now depend
on both input signal differences.

V1 =00
c
Vo
VB
C
vz —0”"¢ s
DS005501-12
+Vo=Vg
*VonC=V1-Vg

* Cg = stray input node capacitor
+ Vg = inverter input bias voltage

Zeroing Phase
FIGURE 6. Sampled-Data Comparator

n—0""
}&m

DS005501-13

*Vg'—Vg = (V2—V1)

C
C+Cs

Vo' = ——— [CV2—CV1]

C+ C
Vo' is dependent on V2—-V1

Compare Phase
FIGURE 7. Sampled-Data Comparator

—A
= e —_ —+ _
Vo Ci+02+0s [C1(v2—V1)+C2(v4—V3)]
—A
T Givcarcg M0t AGed

DS005501-45

FIGURE 8. ADC0820 Comparator (from MS Flash ADC)

1.3 ARCHITECTURE

In the ADC0820, one bank of 15 comparators is used in each
4-bit flash A/D converter (Figure 12 ). The MS (most signifi-
cant) flash ADC also has one additional comparator to detect
input overrange. These two sets of comparators operate
alternately, with one group in its zeroing cycle while the other
is comparing.

When a typical conversion is started, the WR line is brought
low. At this instant the MS comparators go from zeroing to
comparison mode (Figure 11). When WR is returned high

after at least 600 ns, the output from the first set of compara-
tors (the first flash) is decoded and latched. At this point the
two 4-bit converters change modes and the LS (least signifi-
cant) flash ADC enters its compare cycle. No less than 600
ns later, the RD line may be pulled low to latch the lower 4
data bits and finish the 8-bit conversion. When RD goes low,
the flash A/Ds change state once again in preparation for the
next conversion.

Figure 11 also outlines how the converter’s interface timing
relates to its analog input (V,y). In WR-RD mode, V) is
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1.0 Functional Description (continued)

measured while WR is Io_w_.ln RD mode, sampling occurs
during the first 800 ns of RD. Because of the input connec-
tions to the ADC0820’s LS and MS comparators, the con-
verter has the ability to sample V,y at one instant (Section
2.4), despite the fact that two separate 4-bit conversions are
being done. More specifically, when WR is low the MS flash
is in compare mode (connected to V), and the LS flash is in
zero mode (also connected to V,y). Therefore both flash
ADCs sample V,y at the same time.

1.4 DIGITAL INTERFACE

The ADCO0820 has two basic interface modes which are
selected by strapping the MODE pin high or low.

RD Mode

With the MODE pin grounded, the converter is set to Read
mode. In this configuration, a complete conversion is done
by pulling RD low until output data appears. An INT line is
provided which goes low at the end of the conversion as well
as a RDY output which can be used to signal a processor
that the converter is busy or can also serve as a system
Transfer Acknowledge signal.

RD Mode (Pin 7 is Low)

DB0-DB7 = == ———— —— e — — <: —————

DS8005501-16

When in RD mode, the comparator phases are internally
triggered. At the falling edge of RD, the MS flash converter
goes from zero to compare mode and the LS ADC’s com-
parators enter their zero cycle. After 800 ns, data from the
MS flash is latched and the LS flash ADC enters compare
mode. Following another 800 ns, the lower 4 bits are recov-
ered.

WR then RD Mode

With the MODE pin tied high, the A/D will be set up for the
WR-RD mode. Here, a conversion is started with the WR
input; however, there are two options for reading the output
data which relate to interface timing. If an interrupt driven
scheme is desired, the user can wait for INT to go low before
reading the conversion result (Figure 10). INT will typically

go low 800 ns after WR’s rising edge. However, if a shorter
conversion time is desired, the processor need not wait for
INT and can exercise a read after only 600 ns (Figure 9). If
this is done, INT will immediately go low and data will appear
at the outputs.

s\ /\

LA A
DBO-DBT == o == == = = -(:)- —_———

DS005501-17

FIGURE 9. WR-RD Mode (Pin 7 is High and tgp<t;)

3

DS005501-18

FIGURE 10. WR-RD Mode (Pin 7 is High and tgp>t)

Stand-Alone

For stand-alone operation in WR-RD mode, CS and RD can
be tied low and a conversion can be started with WR. Data
will be valid approximately 800 ns following WR'’s rising
edge.

WR-RD Mode (Pin 7 is High) Stand-Alone Operation

L0

a
H

=

D Low

AN e
TN

DS005501-19

1
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ADC0820

1.0 Functional Description (continued)

* MS COMPARATORS ZERQ
T0 REFERENCE LADDER.

e LS COMPARATORS FLOAT.

o MS COMPARATORS COMPARE
Vin TO THEIR REFERENCE
LADDER TAP, THE COMPARATOR
BUTPUTS DIGITALLY TRACK
ViN-VLADDER TAP

LS COMPARATORS ZERC TO
ViN. THE COMPARATOR'S
INPUT CAPACITORS TRACK Viy.

Note: MS means most significant
LS means least significant

800 ns

* MS COMPARATOR OUTPUTS
ARE LATCHED. THE MS
DAC 1S SET. THE MS
COMPARATOR FLOATS.

* LS COMPARATORS COMPARE
LSB SECTION OF REFERENCE
LADDER.

LS COMPARATOR OUTPUTS
ARE LATCHED AND CAN

BE READ.

MS COMPARATORS RETURN
T0 ZERD MODE.

FIGURE 11. Operating Sequence (WR-RD Mode)

OTHER INTERFACE CONSIDERATIONS

In order to maintain conversion accuracy, WR has a maxi-
mum width spec of 50 ps. When the MS flash ADC's
sampled-data comparators (Section 1.2) are in comparison
mode (WR is low), the input capacitors (C, Figure 8) must
hold their charge. Switch leakage and inverter bias current
can cause errors if the comparator is left in this phase for too
long.

DS005501-20

Since the MS flash ADC enters its zeroing phase at the end
of a conversion (Section 1.3), a new conversion cannot be
started until this phase is complete. The minimum spec for
this time (tp, Figures 2, 3, 4, 5) is 500 ns.
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Detailed Block Diagram

4BIT MS 4 MSB 4BITLS
FLASH CONV DAC SWITCHES FLASH CONV
—_ ~
Vin VRer( +) R/32 1/2 LSB VOLTAGE
1 VREF( =) ==eAAA~
OVERFLOW |—
cMis |—e >—(/]/ 0 s
2 Rr32
I 3
1 3o |
b9
- < | comp
r e OUTPUT
cmis — o- cLt

<
<
<
QUT
1 M4 3 p—ag
2 4

|
SER=nl !

>
’RIIE

CM13 ——

AAA
VW
]
——
i

>
<
g R/16
<
<

e — — . — —d

I

I

I

I

T
CM1 [

e — —— — — —{

VWN—

<
>
b 340

AAA

>—o/r | cus [
|

R/16
AAA
A\ AL
™ oL
OUTPUTS UTPUTS
MSB's LSB's
DECODE DECODE 48 4 m‘g" CONTROL
L06IC L0GIC
L] [+]
LATCH AND CONTROL
TRI-STATE DUTPUT - Laeic
BUFFERS
s MODE R0 WHA/RDY T
DBO-DBY

1 B
1/2 LSB VOLTAGE —o/
A
2—o/ 8
GROUND

DAC OUTPUT —Lo/ S
W 2 B I |

MS COMPARATORS

CM1-CM16

3 8
Vin —-0/

L8
REF LADBER

3 A
1/2 LSB VOLTAGE 3_‘
4 8
REF LADDER

FIGURE 12.

LS COMPARATORS
CL1-CL15

DS005501-15
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ADC0820

2.0 Analog Considerations

2.1 REFERENCE AND INPUT

The two Vger inputs of the ADCO0820 are fully differential and
define the zero to full-scale input range of the A to D con-
verter. This allows the designer to easily vary the span of the
analog input since this range will be equivalent to the voltage
difference between Vy(+) and V\(-). By reducing
Vree(Vrer=Vrer(t)-Vrer(-)) to less than 5V, the sensitivity
of the converter can be increased (i.e., if Vggr=2V then 1
LSB=7.8 mV). The input/reference arrangement also facili-
tates ratiometric operation and in many cases the chip power
supply can be used for transducer power as well as the Viger
source.

This reference flexibility lets the input span not only be varied
but also offset from zero. The voltage at Vrge(-) sets the
input level which produces a digital output of all zeroes.
Though V) is not itself differential, the reference design
affords nearly differential-input capability for most measure-
ment applications. Figure 13 shows some of the configura-
tions that are possible.

2.2 INPUT CURRENT

Due to the unique conversion techniques employed by the
ADCO0820, the analog input behaves somewhat differently
than in conventional devices. The A/D’s sampled-data com-
parators take varying amounts of input current depending on
which cycle the conversion is in.

External Reference 2.5V Full-Scale

Vin (+) IN+

ViN (*lT GND

1.2k =
sV REF{+)

LM385-2.5

Vin (+)

AEF(—)

DS005501-21

Power Supply as Reference

ViN (—)T

5V

L Iy

REF(+) 5V REF{ +)
LM385-2.5
REF{ —) Y (-) | REF(—)

The equivalent input circuit of the ADCO0820 is shown in
Figure 14. When a conversion starts (—Vﬁ low, WR-RD
mode), all input switches close, connecting V to thirty-one
1 pF capacitors. Although the two 4-bit flash circuits are not
both in their compare cycle at the same time, V still sees all
input capacitors at once. This is because the MS flash
converter is connected to the input during its compare inter-
val and the LS flash is connected to the input during its
zeroing phase (Section 1.3). In other words, the LS ADC
uses Vy as its zero-phase input.

The input capacitors must charge to the input voltage
through the on resistance of the analog switches (about 5 kQ
to 10 kQ). In addition, about 12 pF of input stray capacitance
must also be charged. For large source resistances, the
analog input can be modeled as an RC network as shown in
Figure 15. As Rg increases, it will take longer for the input
capacitance to charge.

In RD mode, the input switches are closed for approximately
800 ns at the start of the conversion. In WR-RD mode, the
time that the switches are closed to allow this charging is the
time that WR is low. Since other factors force this time to be
at least 600 ns, input time constants of 100 ns can be
accommodated without special consideration. Typical total
input capacitance values of 45 pF allow Rg to be 1.5 kQ
without lengthening WR to give V,y more time to settle.

Input Not Referred to GND

IN+ Vi (+) =4 IN+

GND GND
L

1.2k

DS005501-22 *

Wi

*Current path must
stilt exist from V|n(—)
to ground
DS005501-23

FIGURE 13. Analog Input Options
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2.0 Analog Considerations (continued)

= l
Rs
i —W\r—l
10 LSB 1 PF

R-| LADDER

151s8 CUMPARMOHS

TO MSB o >Y z l
R-LADDER

16 MSB EDMPAHATORS

DS005501-24

FIGURE 14.

Vin

DS005501-25

FIGURE 15.

2.3 INPUT FILTERING

It should be made clear that transients in the analog input
signal, caused by charging current flowing into V y, will not
degrade the A/D’s performance in most cases. In effect the
ADCO0820 does not “look” at the input when these transients
occur. The comparators’ outputs are not latched while WR is
low, so at least 600 ns will be provided to charge the ADC’s
input capacitance. It is therefore not necessary to filter out
these transients by putting an external cap on the Vy termi-
nal.

2.4 INHERENT SAMPLE-HOLD

Another benefit of the ADC0820’s input mechanism is its
ability to measure a variety of high speed signals without the
help of an external sample-and-hold. In a conventional SAR
type converter, regardless of its speed, the input must re-
main at least %2 LSB stable throughout the conversion pro-
cess if full accuracy is to be maintained. Consequently, for
many high speed signals, this signal must be externally
sampled, and held stationary during the conversion.

Sampled-data comparators, by nature of their input switch-
ing, already accomplish this function to a large degree (Sec-
tion 1.2). Although the conversion time for the ADC0820 is
1.5 ps, the time through which V,y must be ¥z LSB stable is
much smaller. Since the MS flash ADC uses V as its
“compare” input and the LS ADC uses Vy as its “zero” input,
the ADCO0820 only “samples” V,, when WR is low (Sections
1.3 and 2.2). Even though the two flashes are not done
simultaneously, the analog signal is measured at one instant.
The value of V|y approximately 100 ns after the rising edge
of WR (100 ns due to internal logic prop delay) will be the
measured value.

Input signals with slew rates typically below 100 mV/us can
be converted without error. However, because of the input
time constants, and charge injection through the opened
comparator input switches, faster signals may cause errors.
Still, the ADC0820’s loss in accuracy for a given increase in
signal slope is far less than what would be witnessed in a
conventional successive approximation device. An SAR type
converter with a conversion time as fast as 1 us would still
not be able to measure a 5V 1 kHz sine wave without the aid
of an external sample-and-hold. The ADC0820, with no such
help, can typically measure 5V, 7 kHz waveforms.

15
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3.0 Typical Applications

8-Bit Resolution Configuration
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9-Bit Resolution Configuration

~
s 130 20
W : s Voo -‘—-5v
WR Vin Vin
L 6
i b— 1]
80 2 7
T 3 Dag MODE '—25V
PL:A] Vaert + I W
lg B2 4 EF{ 4 )
2 082 BAF
=] B3 5 B3 I -
B4 14 8¢ r—
BS 15 1"
VRer| —
5 m g:: ReF{ ) ]
87 [E] e I"v‘hF
L <:1k =
e < -
OFL 18 ) o IS AL 1[
1|
N = »i:sk
‘Ew
<
‘P
3] - 20
s Vecp—sv
] Py 1
WR Vi
6
D
2
3 DaD MODE :—25V
r BBl VREF(+)
5 DB2 I
1] 01uF
5] v 11
o s:: REF( — )
17 = =
i3 bt 10
OFL GNDj

DS005501-27

www.national.com




3.0 Typical Applications (continued)

Telecom A/D Converter

20kHz
SAMPLE RATE

ADC0820

DB to DB7
Vaf—}

| 0DE

DS005501-28
* V=3 kHz max £ 4V,
* No track-and-hold needed
+ Low power consumption

8-Bit 2-Quadrant Analog Multiplier

Jr
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4
<
1

2N4393

>
® 100k
>

Multiple input Channels

AN
CH2

2N4333

<
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1 3 ? 8
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15¥

LM340-5.0LAZ

3.0 Typical Applications (continued)

Fast Infinite Sample-and-Hold
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3.0 Typical Applications (continued)
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ADC0820

Physical Dimensions inches (millimeters) unless otherwise noted
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NS Package Number J20A
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Physical Dimensions inches (millimeters) unless otherwise noted (Continued)
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Physical Dimensions inches (millimeters) unless otherwise noted (Continued)
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