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ABSTRACT

This thesis offer about design and improve the system calculated function to transfer of
the circuit of electric RLC, separated 2 parts : Hardware and Software, Hardware include with
circuit adapted signal analog to digital Microcontroller circuit and the circuit contact with port
Anukrom, Software uses program MATLAB to show the complete program for built graph to

show the time and calculated to find function to transfer. This system economy the time for work.



ITX

a A

aanssndszmiga

E4
a J v A

a o < J < ' o o
Ysyanidwusaiiud du5agarlifed Adrsanusumaslumsldduuziinn

g g

o ° a Ia 1 =< & 4 A o o
aanNIdlsziimninagmaniimnssunie. sadennueemeluisesvesidgginsal,
A A A 9 A a wva I [} = ] A P
AIDIND, Lﬂﬁ’e)ﬂ‘]f HAgaNIUNAN9) “lum'iﬂ;]ummgﬂuaﬂna IﬂEJmWR?JfJ'NEN@”I‘ﬂ']‘iEW]

=2 qul 1 k4 d'dy
YTy 2 M vensuveunszam 13 o Nl

o a v a <3| o v w A '
qameil vensiwveveunszaa U1 uazunsa guimnd giluussidedutalng)

0911 o w o w i < vg Y
namasle Maming uaztludvnaes
& o = <3 A a a a Jd v dy Y
otle Uszleminazquanualag Amuinannlsyaninusaiuil veveuliua
Y

a 2 g Jq Yo A sy ¥ a a :: 1Y ~ =1
UAINITAN GINHJ‘IJI?ﬂ‘l’iﬂ%i!ﬂ“ﬁ%]?ﬁ?i]ﬁEJ‘Vlulﬂ‘Llixﬁﬂ‘ﬁﬂi%ﬁﬁ/]%‘lﬂ%W]\‘lLLﬁﬂuﬁ]uu HU



58y (61D)

&
15049
2.4.4 47UNOANTIUVOITTVDOUAUNIL
2.4.5 52 UVDUAVADI
PNA 3 NTOALUL NTAIII LAZMIINY
3.1 NA1INN
Y 4 4
3.2 ANTOONLUUNAIUIITALIT
[ | an
3.2.1 MseenuuusulasdyanueuzaonilufInen
o
3.2.2 M3oonuuues I lasaeu Insames
a 1 @ 4
3.2.3 N50ONULUNITAAADAUNDTABYNTN
3.2.4 A1599ALUUNITMALYaIuTIau T
9 ' o
3.3 NT0ONLUUNIAULONALIS
3.3.1 mMsoenuuylUsunsuvan
3.3.2 myoenuuy Tsunsuadenslnaneuausamanaaz I
P 1
Hansunre oy
UNN 4 MINAADIAEHANITNADDY
4.1 pa
o s & ka1 9
4.2 MINAR0IFIS AL VeITEUUAUIn et Fua1e Touvoaaees lih RLC
o ) LY S 1
4.3 M1INAADINITTINUVBITZUUMUIMHaR U 1e Touueeas Tnih
RLC
=1 =} o @ 1
4.4 mM51SeuNeuNan1INeasdaInszuuMUIATansUn 18 TouUD 9995
T#h RLC Aumsfamangu]
A
N 5 unergy
5.1 931
5.2 Jayruazuuananisud b
5.3 LUINIMITWAIU
VTIUIYNTY
A v
AAKNUIN N 1ATOIAULLL

] a o
NIANUIN U WIATUASUNUINITNWUN

28
28
35
35
35
35
36
38
38
39
39

41
43
43
43

46

53
29
55
55
56
57
58
61



VI

21518y (¢10)

A Y
1509 an
t4
AMANLIN A 318M3gYnTal 65
AArLIN 3 ueufam ez siadunuves lsunsy 68
TA vy
AMARUIN 3 gilans lHanu 78
a wva J
AMANUIN B Twazidauazauauinvesgilnsal 89

UsgInduas 106



Vil

AIUYMITN

)
A1519N
4 [ [
a.1 iwmsqﬂﬂﬁmmamammmmmmﬂﬂﬂw
4 [ I ana
a.2 TiemsgUnssivessuasdyauueuzasniluainea
1 4 [ I~ ana
A.2 (#0) :1wMIgUnsaivesnasulasdyaaueuzasniluainea

d 4
A.3 110mM39Unseiveddees lulnsaeu Insaines

66
66
67

67



VIII

syl

=b-

51
U
2.1 mygudnanaueuzasnifedmuadeyadnea
@ I aa = = @
2.2 2asutasdyanaueuzaeniiuatneaiuun/soumneuns ey
@ o o I aa @ |
2.3 yruFemIThauveesulasdyanaueuzasniiudinoauuuriuusud
[ o [ I aa
2.4 urufanaimshauvesulasdyanaueuzaenuaInaLULwS
@ |
unsui
@ ) o d aa @ a
2.5 yuufamsmauvestlasdaanaeuzaonuatneauu g R

I~ a o
LDUNT DNHNFY

@ o @ d aa @
2.6 LLNUNQL'Ja’lﬂ']ﬁﬂ']ﬁ’lu‘l]@ﬁ']\‘lﬂﬁllﬂafl mufymu@uzaamﬂuﬂ%m@mmucﬁmmﬁ@v\l

] a )
uolnSonauiy
2.7 M39av1v09 lod ADC0804
1 d‘ Y o ! d’
2.8 M3792995LWB 11 ADCO804 11191UADLIDY
2.9 ANYULVDIDUNAUUUANE
2.10 szUAUANLUUgYTa
J v 1 a
2.1 HefFugeTouvesszuuniuguuuugiie
Q/ 5 Cé
2.12 WARBUEUDY Impulse YBITEUUAIVANOUALNU
2.13 S2UUBUAUNTS
1A { g
2.14 HARDUEUBIRDBUNATIIY Unit Impulse
i L s r 4
2.15 m3asuansnnraneuanesrng lidlunaneuaussnn1zain
1 a A d
2.16 HAADUAUOIRDBUNA NI Unit Ramp
2.17 S2VUDUAVEDY
2.18 dioth lfmuaga Tunszuu s
A ' J o ) 1
3.1 mmfémmaqﬂﬂﬁmmmiwmmmmfﬂm%um&ﬂaummawﬂﬂﬁw RLC
@ 3 aa
3.2 Mseenuuuesilasdyanaueuzaoniuainea
4
3.3 MIPRNULL99s I Tasneu Insames
a 1w J
3.4 MIOOAUULINITAAADAUNDIADUNTN
3.5 M30pAUULIIMALNAISIns AU TrTh

Y 9 9 Y ° da 1
3.6 ﬂTﬁﬁ'iN’HMWi]f)ﬂ’lii“b’ﬁTL!‘Hﬁﬂsl!@\‘ﬁzll‘ﬂﬂﬂ\lQmWﬁﬂ‘HHQWUI@u

10

11

i)
14
15
19
19
20
21
22
23
25
26
28
31
35
36
37
38
39
40



%4 ]
msuny3il (o)

i

[ o LY Y 1
3.7 nivenanueesuuAuIuinsunIe Touwoeeas Wi RLC

ot

o o o v [
3.8 uWwuAInIiuved Tdsunsuadensmuaziuaiadsuaie Tou
4.1 mfldanmsnaassludivaesasaunsiiods luaeasas Wi RLC
4.2 1395 Wi RLC Nldnaana

oAy Y o o A A ]

4.3 M lannmanaassvesgsauds luvmshimsdounlasdoya
4.4 mildnmanaassveseniauds luvasideyaiianizaed
4.5 1LDADALAAITDIUEAII
4.6 NA1jy START
4.7 nA1jy LOAD DATA
4.8 NA1jy PLOT DATA
4.9 NTMHAROUTUDIMIIAVDI995 1N RLC

] d' r/q'/ 1
4.10 nA1)y FUNCTION tWamerumsilanduaialow
4.11 aumsAensuoieTeuuesens v RLC

' ' Y

4.12 nA1jy CLEAR iiioisumsiaulninarue

Y = o 9 Il
4.13 581J3JW§@3J1/1%$51J‘11@3J“§‘1143J

~ o v S| > =
4.14 m3nldsuanizanraneuauedIng i ukaneuauesnan1zndn

o PR 1
A.1 MUAUUUURITEUUAUaHaRTua1e Touvpa9as i RLC
) LY P 1
n.2 ANA LU suuMLnHnTua1e Touwesae9s Wi RLC
Y] o ) 1
1.3 MNAIUNAIveITzUUMUIAHnFua 18 Touve 1993 i RLC
1 o P [
a.4 e lundesueeszuumuaiandunis Touveaaas i RLC
4.1 2993 maurasseus ey Inih
[ | aa
9.2 2vsutasdyanauueuzasniuainea
o
1.3 2993 luInsaeu Insames
a 1 [ o
9.4 2993 ARfDAUNDIADYNTY
[l a o
9.5 LAUNITNUHTINNN DS
o 1 o [l a s
9.6 §WM1UIN152199U N ILALITNUHTINY NS

@ o ° ) '
3.1 LLNHW\Tﬂ’]ﬁ1’”\1’IHSU@\7531]‘1_]?;”14Qmmﬂﬂsﬁuﬂjﬂiﬂumﬂﬂﬂﬂﬂﬁqw%d'l RLC

41
42
44
44
45
45
46
47
47
48
49
50
51
52
53
54
59
59
60
60
62
62
63
64
64
64
69



a1t (a19)

s
[ 1 4 4
2.1 92U IzNouLagluAILANUBIETALLIS

' 1 14 4
1.2 drutsznouuazijunluguuesyennlg

A A o

o 4
2.3 Wa@@u@a@ﬂﬁuﬂﬁllﬁﬂﬁﬁﬂ13$ﬂ131/]']\31uﬂ']51/]1§1'1u51193a’]{ﬂu'ﬁ

= a [}

aa 1 o v o
2.4 LL'E'Jﬁ't’]@ﬁLLﬂ\‘l@ﬂLLﬁﬂﬁﬁﬂT’J%ﬁ’ﬂLl‘iNﬂ?ﬁ\’ilﬂﬂ‘ﬁﬁ]i&ﬂ@ﬂ

U

Y

AnaAa A a v 9 = Y
2.5 UDDDATIVYIAALUTAITNISIUNVUDYALIYVIBYLIAT
aa o g™ 1 9 ~ a o
9.6 u’e)aammﬂaﬁmammgmmﬁwm‘ga"hhmauwamas
as I 19 = Y Y
2.7 IaDAUDRDALTANTNICNTIVDUALIYVIDULA

Y
1.8 LDADARUNNALAAITNIZIIVOYDgNA DTG

80
81
82
&3
84
85
85
86



1.1 anaiusnuazanudmngy

a J ' o
Tunsdinsiziaees sl i rRLe ansedam1dlasldaums
o ody v ) ¢ ' ¢ ¢ ) o
pwiusn IdnnmslFnginuaisie wu nguesleriy ngueaneivey iudu wenniniily
1 1 Q'J é 1 1 ! £
seuIihauns Taseteernidouegluguesaunisgylaeiin il Fedaulngldsamiy
= o T o v Jdo 1 £ < Y1 A 1 3
Asdufinsadaulsaneg uazmavhoyiusdulsan Furulaninnugaennluduaeu
9 s ;’,’ qul v o 9 1 o Y Y o Yy A u’/‘ o 9
asudaumsiivateduney dsdudeunndomshanudnlelddaanld davadedos
a @ 9 a 9 9 [ ' P ]
qadona lufumsudaunmsdndae lumsudilymasndnlitianuazainuazsaaslu
a d 1 v o o ) '
msmsziaaes il menquisldian szuudunailiguneTeuvesas i RLC
dgj 9 dyc 1 o U i @
Ju TaemsldszvuiiinmsmariladdunieTounnnaneuauesnanas iy Tsunsy
a s A a J 3 ' o 1
nunouinesianNNazaInlumIinTzinseunuaasmsmiailenguae lounnma

Y 3 Y a 9 a o
ma‘uﬁum‘v1Nnm@@ﬂwﬂﬁmu”lﬂi]iﬂmwmﬂaﬂamwamai

=
1.2 mﬂﬂ31ﬂﬁ1u1§ﬂmﬂﬂjﬂﬁﬁﬂ1u
dydd 4 -dy
Tnsenuiififaanuainsanadl
o o o ' Y a
1. fumilsndumeTounnwanouaueamaian ldess
o’ o W=l @ Y o
2 luTnsneu Insamestufinvinadaanamisdueidnavesises Wi RLC ey
' o 3| o aa
iumsulasdygaueuzasniudygyiuainen
3 a Y o @
3. luTasnou Insamesniugumstleudunausediu s Taadldnuaees i ruc 14

J v J a 4
4. mewam@Uﬁummanmuazﬂﬂﬂ%uamiauﬁa&mauwamai



orlasday
1.3 I(HDH LAY
dy a a -4 @ :? 1 I~ 1 A 1 =) o
diommelulSyaninusatiufivieeniuunie iNedzainaenisanyLazn
v v
anuhle Tuudazunazlszneudieiieniaene T

a Jd

= 1 o o W a
und 1 nantenudunuazanudidgvelTyadnus YanNuEINITves
Y
Taseau uaziior luuna1eq laodul
d' A d‘ Y ::{ 9 A
unit 2 Uszaeudle nquiaien HoafuTusunsu MATLAB W lHlenTusunsy
o [ o J 1 4
Fmuseuudmaaiatduaie Touveeaaes Wl RLC ms@easuuueynsy RS-232 M3
@ A @ o J o 1 @
wasdyaruueuzasn #1955z maailnduaie Touveeases il RLC nanmsves
P 1
HandunieTou
d‘ 1 =< dy d' d' [ w o g 1 d' 9
Uni 3 naEufiefifAedy umufimsiinuvedInsaanu foeesaiee aldly
1A5991U AAOAIUNITOBNUUDUALAT A9 INUTEABUAIIN 1Y IIITUNAITIYUTIAY
A 1 o 9 o ) '
2935 10l#h RLC 29esdemsiumnesaoynsu RS-232 Taseadsvesszuuinailnguneg
Y
Touvee1995 1#h RLC whousiamsrauuesduszneumes lavazioon
A 9 g [ 4
U 4 Ys2noudn MINARDEYNANITNATBIVBINITLNAIT BT IAY 1ITABAT
1 o o o @ 1
HIUNWDIADYNTY RS-232 pazszuusnianduais Teuvesaeas i RLC
~ S| @ o A a .fz' 9
yni 5 Wuasagdwanisdanilaseau Hamndaduuazuuanialumsudly

Y
FANULUINIINITHAIU

d' 9y a u’j A 1 Y] Jd' 9
NARUIN N LAAINTIWATDIAULUU NITARAN ﬂ?il%@ﬂﬂ@ﬂﬂ@ﬂﬂﬁmﬂuﬂ mmﬂmm

MARLAN ¥ JsEABUAIoRes18MIAziBIAIaRsIAZIALI Y U

A1ARUIN A weasensgllnsel

AARUIN 9 LEAAHUAINM IR snzsiaduntuvesTilsunsutuaiiadretun
WiolszneumaiamuesTisunsy

AAMUIN D L?Ju@:ﬁamﬂ%’izuuﬁmam%’lﬁ%’udwiaummw%s"lﬂ% RLC

a wa o o q Y
AARUIN B uaaseazBeaunzaaaulidvesginsaidiAgnldlulasenu



UNN 2

NgHHUazHanns

2.1 nAN

Y 9y ]
a ' 9

Tulnsenusuiazddiudsznoumihunlsanuvainvaty uanaziihunanluuni 2

Y '

H o T 4 a4 A4 o dq v
Wuazieuaaundinag Taoivziimomnnednullsunsy MATLAB fldveu T sunsy
[ o o o Jdo 1 4
dmsuszvuduailindunieTouvesaees Iih RLC ms@easuuveynsy RS-232 M3
@ = 9 o o U P 1 @
uiaedaanaeuzaen nldruszuuduiailndunisTouvosaees I RLC ndnmsves

Handuaielou

2.2 T1l5un53 MATLAB

2.2.1 ANUKNBYBI MATLAB
a ey 3 A 9 ] A o =
ABUNIUADT baas 1UuN Lo 19 lumsud dayniluFesaas Taslin1yinig
a o ot =04 1 I~
ApuWInDI HaedInyelumsudilam 191 111 C, Fortran, Pascal tHludu mslslysunsy

v A o o Aa o Y 1 Y
¥ C, Fortran 142 Pascal 1 sundaymusaduay uazniinnianudusounau199ge
=S Y Y o o g ) = o Yo A ] a v
pravazidonan  mazdosldmdatusioumn wazlzduuumdenuivey v3En
= Y A A 9 & A o
MathWorks Inc. 291@Wau1TUsunsunid¥e MATLAB s ¥ lumsmuiausaay uag
oy A o Y Y [ 9 =1 < =) R A
aslnnFudeultisaemsldnu anusiass wagmsdouldsunsyligeen ieann
I~ { ) ] 1 qa}l [~ { [
Tusunsy MATLAB 1iluTdsunsuiiimsimuedis lungags wazidluTsunsundedenny
9 = (Y 9 d‘ o 9 9 < ] 1 Y 1 [~
W1le ns@enysunsuldudou tazdion i ldaudreusaAuHadns 1908195291572
Y dy =2 ) Y o £ v 1 Y 1
dromgiiesiaild lUsunsy MATLAB gniunldaunuediandeunsdumuaie
I a e/qul . o @ o a {
MATLAB {lunminouiinmessuge (High-level Language) d1M5uUmMsmiuimmaunaiai
° a o a { o o 4 < 4
Usenoudlensaiauddiay nAnnFuden tazmIsiasauuiie I us U A NN
& heazFanu
Y A
2.2.2 U9nU93d MATLAB
2 ' i a Y A &4
F0Up9 MATLAB 6911910 matrix laboratory (A1 11U5un54 MATLAB ldleuduiie

o p [ © { o < { A
1% 1A AN matrix ¥ID1EY matrix software ANAIUI1910 115190NY¥D LINKPACK 1y

EISPACK



MATLAB léannmndemsuddaymindanannaisy fldiuszeznamaieifis
v v
Pl Tsunsuiifanduaiee Iddenldunnue Tuuaumineds 1@l 1dsunsuil Wumdn

¥ a Jd a a 4 1
aasiugulumsinuimeduadiaenans N5y wazIngnaasuaueaee anoaauly

[

Y I~ 4 o ] aAav o a o
Fuaaamnssulaldldsunsuil Wunieaiiodmsuldlunuideiauasdins e

Tdsunsy MATLAB aziinasauniesiionldlumsmidinouisenin Toolbox lagh
Tsunsuaziinanuniosioluunazarv wu msdszanadyau mMsdszuranann
srpumuaN Iaseelszam dedaedn nwan mMsfenedons ada waza1v1dueg NN

; S T Wi i Aidiay s v &
e aelunasuniesioudazaiannazifendunis nneatesnumsuddymluauiueg
9 A 9 ¥ & o o VoA ' ] R
Thidentszgnaldanutusmanunn anvasiaunaedens oo l)sunsuiiasiiae
S o a g Y A 9 o A v J v

1. NenFunsiamans a1y lumsaiiauInuIenasasuaInIse Nas1aleanyu
2 '
vumldauldmalumundoans

Y] ak ] Y 1 9 Ly 9 a o d‘d v

2. saneanuian ldde ligeen cansoun lvilymnisaadamans dlanudy

1 < J y 1 ) <]

Fou'lade tazsaasn 1 1UsunIuAIBIDU 19U C Fortran Basic W1AY
= Y o £ Y @ o A 9 a
3. 1 Taseasauuuiians Faaauwuramstiawie lanaaey tazlssmumassu
Dynamic #1499 Aauii1 1y 1dauess
a 4 9 Y a3
4. gnsaAARIERLAzAsIIde oY A IRdBLaZ I3
o a I~ ] a q’/' 3 1 aad

5. 11511 101 waumeduns in 1 uegsana ludumsuaanndain aoalan
o ) z aa g a @ o
(HUiUD rectangular polar stair bar 53INWAWHA TUFUUHVVNUHIAZIZAVFIA navAIY

2 ey o 2 Y A A Yy g A Yy oy
asoimneeny tazihiu e nazasuumwnaou v lasndoe

7 9 . 3
6. M3vszyndldlumsai1eguuy Graphical User Interface 1@ Inomsidenldinies
1 y Y 1 1 g
fouazyaen TaoTsunsuazliniodolhidonld wu wy s19ms 1una uae fieds object
1 y o o a o @ o v 1 ] 4
A el ldamisadenidi 11 lumsirnud fauiusdusenad ldnuinies
a ‘v Y
ADUNAADT 19
o ! Y d' Y [} iy
7T ‘V]TﬂﬁﬂﬁZﬁJ’JﬁWﬁﬁ’;llﬂﬂh]iuﬂiimu'lﬂaﬂ 19U Fortran, Borland C/C++, Microsoft
Y du A d 7
Visual C++ 1182 Watcom C/C++ aemsveuilanduinily mex IWalaelisunsy MATLAB
vi5onldgivueinTusunsuniyi C uag Fortran
1 J I P 1 aa o
8. Tdsunsuiidmvestoyaiiugrudueisisdn lideemsiia il Tusunsuaunse

o Yo a ' Y 9y 9 a
Mmsudfammamaiiadiee  Tdnnldnalumsysswanatios tazdnildsunsuniyn

C 118 Fortran



4

2.2.3 Tnssa31avealisunsu MATLAB

Taseadeveslusunsulszaoudae 5 daulnai Ao

1. melisunsn

S & H 73 a

dWuldsunsundugenldniugu flow statement Hendu Taseadadoyadumna/

g Q . . : o Y = R

1Ane tazansmz11sunsy Object-Oriented Programing 1 1msiven Tusunsyligeen
A A @ = 9 A ' S~ v
WoMeunumaweu Tsunsud1en1119ue) 195U C, Fortran, Basic 1/1AY

2. aailnenssulumsiauvedldsunsu

]
A A

TsunsuaziinguueaniesioiiulseTom! dmsvmstinuvesdnldldsunsy

Y
AdA v v

A 7 s o 9 A
n3eldsunsumes sz Torifinaniinaemsdansaiuislu workspace Mm3thdoyanioms
] 1w 9 1 A A 1 dyd 9 o v W [
iumdlsid/een uagnquueuniesianie dnes lddmiuam Jams asredeunny
a Ay ¥ a dgj
Ranataves IUsunsui Idlouaiu
du ° a d

3. Handulumsannaumenginmans

Tsunswazlausismldaldlumsmuimetianing iwu sine, cosine tazfiwndia
- 3 /q ¥ & ) o P lq Yo
Wadou Tasenansoi lidszgnd ldiduilendunse lausSmuavaunnlaussnldnulae
™ ' ) ¥ 4 @ '
211 19 Handulun13nn eigenvalues LA eigenvectors MInenAlsznouLazaIUlsznoU

a <Y ad a Y 1 [~ 9
YUNATATAWATANG MIATIZHTeya namianusiy uazmsuddymiszuuves

a { g g a 1 < Y o = ‘U o @
aumaFadunduiuginvesauninagg Wudu il lsunsuliflsndudmsnldau

4

AoutnannuazaseunauluswazBenvesmsdianluaininaie i

4. Handle Graphics
oy Y o & 3 ) [ < ddy [}
szuunsmnIzlsznoudleiidesugediniumswaoans i TaslinugiueguuLud

a A a Y 1< o A o @ o @
AINAANINN Z‘N‘UL!H‘HW]N?]Jﬂ'lW"’U@\‘lI‘lJiLLﬂiﬁJﬁ]%Lﬂu’MQ PINDNANHMIRNITAI Handle

' Y Y
S o v w I v o
Graphics 1/5znoudfdsdugaln Ididonlun15a519 Graphics User Interface UUAUFIUMNST

o ° [ aa aa
Uszgndldau Tusunsuiideliflenduilddmsumsuaninindesda mwauiauazms
v A
a519nmadon nn
5. The MATLAB Application Program Interface (API)
' o PG g 7L g @ =
wlfiemivayumsaadonnmeusnlald Tsunsuiy mex Twagadulnan
= -4 o S & =
Wouiulaold mex WeAdululdsunsudeszGonldgiunnllsunsunivn C uag Fortran
1 1 I ad A { 4 1w
W3e19na121891 API Wy laussn@eudle 11sunsun1e1 C uag Fortran NMSIFouADAL
Y A d du A 3 dyu/ = o) @ =
Tsunsudae Tandy mex Hansudnna API HENANUEINITAFIMSUMTISON routine 910

Telsunsun 14



[l
=1

Y= A A Y o [ a J o ‘3
Tsunsudeimseeioflddmsuns e itaznadouss Uy lagns3Iaesu UL
£ ga 2
g 9NAD simulink
R o o 4 e :
Simulink 1HuTUsuasuNAIUANY MATLAB Fuduszuudmsunissnasaa
a I's a [} i g a 1 a [~
Sia5z¥szunlanninaen Adluszuugadu svunliiFady simalink 1Wu 1151051 mouse-
H ] ° o o
driver ﬁlﬁ}ﬂlﬂgﬁ}ﬁ$°1J°UimﬂﬂiﬂFJmi’nmLNummﬁ‘V]N'IuiJui]’e)ﬂWWTﬂﬂmﬂ“]gf’LlHﬁVl111’511
o o Y [} a (= 1 4
Telsunsuansasiinmssiaesszuy lanategluuy 1y Sady luFadu naidoiies waz
& & \ A o 9 o a P I Y
nmma1a@miwat,mazgﬂuuuwmmﬁimmmmaﬂummmﬁwug“lwnzmmummm
A % < ' g Yy 1A v a
“lfuwugmmﬁmNmmmuaammazua@ﬂ"lﬂamw aaoadut119520D TAssINVDINUNDE
o 9
S PEAR G
I~ & &~ a i \ I =} 4 o [ 4
Blocksets HuAafmAnIY simulink Tasvziflulavssvesaondmiumsilszyna
1 a 1 Lﬂ' 9 o w
M U MIaadedoals midizuianaveya wazszuy TAa
; o3| Hq ¥ Y @ o
Real-time Workshop 11 T1/5unsun1nes19 ¢ code MINUHUAINITNINULAZTINITD
aseiuuRuienstinu ldnanvaieale s a1
~ ¢ 2\ Ey v A
T15un53 MATLAB flognatgiuundsauduuos Tisunsusg 19amuu DOS nlms
o [ o wa/a':ﬁ a daq Yd 1o O Y d.dyt:i 1 o
Aa ligeonmingdmTugisun e apununos N 150 luduludoalnu N UIBANN
Y Yo ' Aa Grois § o o ey il - ¥ v s Y °
11n 121850 wielszutananats tianus i uativeidedeflanguinimnlrauiivesi
=3 d‘ @ 9 1 1 { b o I~
iﬁ’msJuT‘ﬂiLmiwﬁmm«w%u%"11151,‘1/1wﬁmﬁL‘Wiwﬁﬂﬁ:ﬁmmwuazmmwﬂumi
S [} 4 a o Y] o = 1w <
Uszurad seiniieiiszuunouRiunes nimwannlfisz@nnmgeniugiuldsunsun

128t idansuldiden 1 1@ unuedein1f lsunsuildss @nsamuaziinnw
v

v Y v v
annsalumsdszuaraiiity Wsunsuiulniildhmsysudelmildatuiingdan

v

Y
Ly Windows f1g1dTanuazaanlumsldauunniu defveaTusunsugulmiiifeiss

a a dlddy Ao Y = a3 d?’ =} o 1 Y A
ANITNINNAUVUU ﬂ']jl]jgu'laWﬁIﬂﬁllﬂﬁNm“ﬁﬂ“ﬁ@uwﬂ']'ljJﬁFJQQ"\Ju LLazﬁJW\‘lﬂ%umm (lﬁla'ﬂﬂ

v

1 1 @ a o § 1 ° ]
1 uaudien nnedndesldfuasuiumes nlRuAnnNuIWIN RIGIEER

= <
WANAIIUANNEITIG



[ ﬂ an

2.3 msudasduanauenzasniuaanea

asudasdyanaouzaeniudinen Faawaz lasumsudauiudwaums
aa 1 A ay [ ~ 9 = 4 9 = 1
a3noa TaomsdunSouawilas Aslugui 2.1 1110995 WWHA 8 IATUITUANUUANAIN

Y

NI HAAYFINETDININUA 2 N30 256 TH

1 = @ o I aa a [ 1 Ay

Aauazieavesaulasdyanauousasniluaineagnesneiluszezineinvoy
4 1 % a { Q' -4 é o U % Q’I‘ 1 Q‘ 1
figavosaussfumedunaiiiiuiy Fagnimualasdudasdoyguiu szuevneBeioo

' ' A 4 ! @ v o a J o
s Aranuazdeategain  TasmanuazdoaulsAuATINUIILINYDILAIDIANA  BNAY
' ' @ @ 1 @ d v W a

9019 19U Sl asdaanulinNuUANANNTHAIDIANA 256 TEALTYAIUDUNARAUNY
< @ 1 a a o :,’
usiaaugnaeseIn 00000000 A 11111111 SIUBUHATAUNA 0-5V AaTUAIY

azBuANINY 5/256 = 0.0195 V

001101100111

Y aa

Joyadrnen
000101101111 J
dya
HoUTADN
UNA

FLOTHIWDINMI U

51l 2.1 magudagameuzaeniiedmuadeyadinea

@ g @ o = [
51L@1¢Tﬂﬂ§ﬁﬁ£ﬁ%§’luﬁ@%ﬂu 00000001 LNULLTIAY 0.0195V cluV]Wu@QLﬂfJ'Jﬂu i’.?h

@ < @ [ 3 o
L@Wﬁﬂﬂiﬁﬁlﬁmﬁ’]uﬁ@ﬁlﬂu 00000010 NAZLUNULLTIAN 0.039V muu%’ay’ammmdﬂu 3.042V

Y

aefieiRY 3.042/0.0195 = 156 , MasulauTuaugiueesss ldawiiiy 10011100,



+10V

IC1

i

Y

-~
]

C

¥

=
(9%}

C3

i
v

)
~

MAWAWW?@%WWMWAWW
Y
Y

C

¥
Y

cs | s

~
(9,

Y

IC

aAInNeAILIANA

e

IC7 1o

=g
~l

=
o0

IC8

]
A=)

o

1l

H3IAULBULADNDUNA

a o I aa = =1 (Y
510 2.2 2995wl asdyanaenzaenuadneauuLn/ToLNE UL IRV

2.3.1 msuasdaanameuzaeniluadneanuunlsaumeuns sy

[ A

Y
nanmsfe WIsuifsunssdutunatuusIue1es 1ntueeslSeneuLs Ay

v
1 [ o

vraidyanagaasmdumunamsifIouisudaigaesdisia iesmuadoyndinea

o o QU

wianaae 11 uaasrsasdioenalusii 2.2

q [

@ o { o @ a 1 o é o ~
FE UMY RI-R9 Rantifismuaussaudredelduneeiusni 1C1-1c8 Favimiin

Y a ac;

WS suifvuussiudunefunssfud198e mnussRuBunanINn I Nd1Bgala eell

q

E4
do o o 9

Y d o Qi [ Y @ v a '
LONTAITURINY 11’?L@’WW!@]L‘l]uLﬁﬂ@u@WﬁQllﬂﬁN'Nﬂﬁﬁﬂiﬂﬂ TINUIIAUDUNAUDYNILLIN

q

[

fu198s eotueutlaz luiiau

anassauditlonludanes

o

onfIve1 UsaRUBUNA 5V azdhld 104 Maufad
9

o & ~ s ¢ I ] Y a
Whaagaldledues 74147 1edeyardnaiily 1011 Fedesndudaiuzasindlsuenna

£ 0100 vz 1dmdoyantnoanIuAIns



[ aa o ¢
2.3.2 mamasdanameuzasniuadneanuuisasiiunsuil
furudanisvhamaslugii 2.3 wail 4 daulng 4 fe

'
a

9
1. 2vssudadyanauninuazaiuquasin diuileg Idsudyanaldisumsiiau
udadsdyanauin ldeesiiy
4 1
2. 2studmiigihmsiumaudggisninndutiuudldinessnlUdenes
@ < aa
wilasdyanauouzaoniluainen
@ an < 1 dy ' LY o
3. 2vvnasdyaaasnoatiuueuzasn Tudiutivzulasmvesnstiunniasiuy

s sdulilase mode 1S suiouns s

T IMULDULADA Vin e i, B -
ot yaaTounsun sy

O >
>+
@9 DAC
A A A A A
- A V&
Y. <
doyn -
o -
dnn ¢
Admon
L dufuiladyyu <
WY < /! i o
wiinuazaoinauny |le—— | TUHW
a v o
l IFUAUMITNNIY

UAASTDIUZNTNIU

d' @ o (3 3 aa @ J
31]"{] 2.3 UANHAINITNINHUD92905 089 iyiymmuzaamﬂuﬂ%mamm‘uuuumﬂ

=) =3 o o Y d‘ = = [ [
4. 19951Fvune s AU ﬁ]51/]11’11‘!']‘1’]L‘l]ﬁEJ‘UmEJ‘ULLiQﬂuﬂ']ﬂ'J\?ﬁ]iLL‘lJﬁﬂﬁiyiyﬂmLL@ug

I~ aa @ [ A a [ T W
ﬁE)ﬂlfl_l‘Hﬂ"l]ﬂ@aﬂULLﬁQﬂuLL@HZﬁ@ﬂVIﬁQL%’]N’] NNDUWAVDINDT mﬂm"lmvnﬂu’mﬂnﬂ?w

a [ a

euusssuerdadyana lldnsiuiadyaamninuazdiuniuauasin Idiaude 1y

4 ) o I aa o o o
onszAuliiesivuaziesulasdyyinueusasmiluataoamay aunszNws@uIn

o o

s 1

@ 3 aa 1w v a o 1
asulasdyanaeuzasnduainealaumnuusiudune  19afSeumeuziimsas

Y v
@ @ ) ! @ @ v d
Fyaunuanliesiamuangaiay Mueseesiuasgaiiens saansuesesuia



10

@ I~ aa dy ~ [~ ] o
FoauuouzasnuaInoauUl Tugin 2.4 Wunwuianainsiinuveesudag

o I~ ana @ o’dy
ﬁiyapmuauzaamﬂumm@mmmwauumuﬂu

e A

Ty uau

" | ‘ AN

I's
©1ANAVDY
=)
29951/50u

NIRRT

RRX ANULAS

ANUUDINDT

FLAVVRITYY I

\ LUBUSODN

1T UNYATIIY

(9NUIDINYAVBINDS

ulaedfyyinAIaea

Wuneuzasn

ov

Ty uuINn
<—— naildlumsudasdyau ”{

Y @ o @ 3 aa @ d
Eﬂﬁ 2.4 LLW‘HPNL'Jﬁ'lﬂ'lﬁ“V]'NWu‘U@\'l'Ni]ﬁLLl]ﬂﬁ mmﬁmu@usﬂamﬂuﬂ%maauuuw%umtmﬂ

Y 9 o & oa oA 3 o q & "o

Sodvevosnsudasdyanauuuil Ao Hanudidm nailslumsulasezyuegny
a v a v a a { <] @ '
USunmuoassiudumne maussdudunalawn nafildnezinnam sndiediansesulas
Fugyrmueuzgaondudineauvvisesusudania 4 dalddygramnidninnug so

Aladsadaz 1dnalumsu/asgaga



11

4 o a a a ] 4 g/l 1 O?ll o a
[iipanniuuiiatl 4 Tavzfamsii 2' =16 a5e urazasaez lddyamuin 1 gn
sy e dyanauniin 16 gn
AUNIAVBITYRIDUINNT 1 AN
1/50 X 10°= 20 §0A3UM
A 9 (3 usll 1w
natlFlumsudasdyganauaminy

16 X 20 = 320 YadIUN

2.3.3 maudasdayanaweuzasmiluddnoauuudnaaaviueniensimiy
f’fmmﬂmﬂu"11/1amm?aﬂm‘zu:mmimJmﬁaujmumuauzaammufrdw flunsulag

puvdszanam IndiRe wruFInINUYeINTTUIUNT miuﬂmﬁmuiymuauzaammuf:

werasluglil 2.5 daudhdamén finsezdesiinesnlfouiiouusadu, 2vsulasdvneaiiy

o a 1 a [} [ [ aa
HOUTADN, TUUIUUIWNT LAZAIUAIUANADIN chu@mﬂmamuﬂm&muza@mﬂumma

@ |
MUV HUUT D
Ty 109N
i Y Ty uAY
HSIAULBULADN >\ = ~ B ¥4 i
< Fnadwiuelnien MIiau
?lem A o A s % -4
S FIIFUTVAINOT GUTTRLITION
2995ul5euimey
40U
> MSB
> deyaninea
ot %
_101AWA
L Y vvyY
293 aadynm

Y

aa o
avmpaitluneuzasn

. 7 o [ I an 93 ~
51 2.5 uwudamsihnuvevsuasdyanauougasnituninoauudnisadm

I~ a o
1RUNTDNHINYU



12

HTIRUIBIANAVDIIT DAC(V)

16 ——
13,5 oo e USIAUIRUZABNEUNA 13.5 V
4 .
> 120
J — dygasudumsing
/—_l o J = =
: aanueInnaeTTeuey
b ready o
4! A L Y fyanaaone

Nut A SHIRRESE 7 P sl
; E |1|
é 5 9 aa
| 18, doyaddnea
: 5 1 HA

W 0’ 1101=13V

na1lums

wilasdyaw

a @ o o 3 aa @ a
gﬂ‘n 2.6 LLWHWQL'JﬂWﬂ'IﬁV]’]\TIH‘U@Q'Nﬂﬁllﬂﬁﬁ iyﬂﬁﬂllL@u$ﬁﬂﬂlﬂuﬂﬁ]@@ﬁllﬂﬂ“ﬁﬂk“ﬂﬁ“ﬁw

I~ a R
LLDUWITDNTBNYY

1 v [ 3 aa [ = ] a
yauandsegilulsesulasdyanaenzaoniudineauuudnisadvluelniond
) dy Yy a o A ada o o 1 a aa 4 Yo
Ui 1955 amesinuguaeanso luuisitamesunuasestiu uanziavedsdamese sy
Y

MsraLAzI AN 9IALANAe I Hzeuiensihnuvenesulasdyaaueusaon
[~ aa ciy Yya @ o A
Wudateeanvuilifinsaumudaamsinulugdi 2.6 Yseney

° 9 o a a A

Anualiussuueuzasnduye YA1AINn 13.5v

1w

A ) [ < a ) a 4
1. dadyanausumsiaundssnaadiielniendmiuiianes



13

dy a 4 [ o a 1 4
2. luvagdianiuzvestiamesoz i dygaunimgousngndudinn  tive
° [ a d 1w
AAUAAIVDITIAADTNINY 0000
4 [ I aa < 1 =
3. wwnavessulasdyanaueuzasniiuatnenszduy ov deldlurcesnfFeu
= o Gl =t @ @ Y dy 9y d 1w o [ a
ey msSeufeununssiud Tuanz i ldeanaminy —sv dmuaiiluaein o
4 o a 1 o a a 4
4. iedgyanuuinignae lidnegimswein MSB vos3 a3
ddyd @ I aa a @ o’;j Aa
5. Tunsalindlu 2vsudasdyanauueuzasniuaineariia 4 da AsiumMInia
o @ aa I 1 @ o
MSB aavzilisesulasdyanaatneaiiumeuzasnutasauiuussau 8v i llnfSey
=1 ~ = = @ So 9 ' @ 9 @ 3 o =) =
MouN1TTouNe LI IAY uaNdalaendl useaudl AULIANA  ¥039s1TouneL
[ < ) a Jd o 1 a < 1
Fanailu 0 hl¥sTamesdenssita MSB 1l 1 so'la)
[ a [ a a 4 = a o a 2
6. Ao111A B2 (8A91nUa MSB 1 Ua 11999108 4 Ua A1viuala MSB = B3) 32i5A%9
a1 LR ] ) 9 1 a d’d 1 1 o = = g Y
wiiauiny 4v i ldsawnuavesiia MSB filleg 8V wu 12v 1h lhSeuhennuus sau
Y So 9 | Aaa IR w ' Y |,
191 NI oon3 VeI v99nen B2 1N 1 1wy
1 a o 9 o o @ aa I~
7. qomda Bl e ldussauoiayauesulasdyauatnoailuueuzaon
< £ 1 v Y o qy = ~ = I~! £ '
amoilu 8+4+2= 14V Fauinnussaudn sinliseslseuenndoudoiuzitlu 1 Feazds
[ Y S|
doyanauniuguld Bl naneii o
4 a 1 @ oy we— 1<
8. edln LSB gnam szlinusdu 1v idwnsiudua1ves B3, B2 uazBl (iu
g+4+0+1 = 13V i ldnfSeuifieunuus saudn Usingidesndwssaud vldnda Bo nso
A1 o
LSB uAuiu 1
dy a aa 4 1 e 9 Y o Y aa Jd o
9. luamziynialusvmaesgnuilasmiFeusosuar i ldaauz e vamasnd U
o 9 o
1y wIeuiu

9 aa Ay v o & aa s o
10. ﬂ]@yﬁﬁﬂﬁ]ﬁ@ﬁ‘ﬂqﬂinﬂ?\?ﬂﬁuﬂaﬁﬁfyfy']ﬂlLL@ugﬁ@ﬂ&ﬂuﬂ%@@allﬂﬂu%gﬂﬂ'l 1101

=1 Y

A 2 Y a Y o 9 aa I o a Vi
3o 13V %ﬁiﬂalﬂﬂﬂﬂﬂlﬁﬂﬂumW 13.5V lJ’lﬂ‘V]'q@ DIUINIVAFDINIITUIUUANINNIY AN
= v = Yy Y = 2 ' o A g
'ﬁglﬂﬁlﬂ"'ﬂ@ﬁﬂ]@Eﬁ‘l’lklﬂaﬂqﬂﬂguﬂ?]uclﬂﬁmENﬂﬂﬂGUu m\maWGUENm’iLLﬂmﬁiyﬂpmfﬂmﬂmu
0’/’ Y a ] 9 =1 2 A aa ity [
dauadyanauimgousngnaadt luwsouszun lswdaleanzvesimaesnauunuily
9 o = :/1 & 2 9 Yo [ a 1w YR ¢ [
NWIDUNNMNIU DAATINUI %‘1ﬂzmﬂﬂmm’Juﬁﬂluimmmwmwnﬂ‘u n+l1 Wﬂﬂiﬂﬂ n NNy
o a a J
$1uUTAUeIT VAN DT
@ :4’ 9 @ QI aa @ = <4 a o
@Nuua1mﬂN%';‘LL‘]JNﬁﬂujﬂﬁmLmuzﬁamﬂumﬂ@mm‘uGlfmclfﬁ“ﬁmmﬂ‘wmﬂcﬁm%u
a o ' A a dy Y o a ~ a ad a s}:;
YUIA 4 U GnﬂJ@'l'J@EJ'N‘V]@"D"INEJ?JWUGL“KﬁﬂJUi‘Q’]mu']WﬂWﬂ'JHJﬂ 50 ﬂTmamnmﬂﬂvmﬂuﬂﬂlu

Y
msulasdyananzdiuan 1daedl



14

1. U2 UNAIVOIT YR IR
a a 4 3
£, =50 N ladsad = 50 X 10
T =1/50 X 10" = 20 #aa’u1

4 [ 1
2. Snudyananninanualdlumsudaawiiy ntl, n Tawnny 4 e

Y
v @ o

v v
1Rd U 4 O dafududyananniimaldiaualuniiy 4+1 =5

Y v
v =3

3. ananuafn 1Moy 5X20 1aa11H =100
[~ 1 d' =} =% o [ I~ an @ L
winuenSeufeunuiesuasdyanaueuzasniuadineauuu9vsiuusu
9 o Q. aa @ ~ < a o = <
udn 29vsutlasdyanaueuzasniluavneauuudnadwuodnsendiugu Janusilums

MUGINN

CS U E\/cc

cs| 1
RD| 2 19 |CLK R
WR| 3 EDO
CLKIN 4 e p
INTR 5 16| D2

IC1
+Vin| ¢ ADC 0804 15| D3

-Vir{ 7 14 | D4

Agnd 8 13 D5

Vref/2 9 12 D6
Dgnd | 11| D7

51/ 2.7 msdavivesled ADCO804

2.3.4 lodudasdanameuzasmiluadnea ADC0804

K o ]

3| = @ I aa a v
ADC0804 (Hu'ledutlasduanauouzaomiluatnoavuia 8 TaGIAWNUIIAI
] [ Y
Y94 ADCO804 anadagilfl 2.7 dyanannimildiuaeesiim1d 2 mede Mddyanmmnim

[ P a a o 9 a ad P Y o a
1ANYUDNAT 100 H 800 ﬂialﬁﬁﬂcﬁ ‘ﬁam‘mﬂn 4 (CLK IN) @ﬂ?ﬁﬂuﬁﬂ@i%ﬁmm’]mu']WﬂW

g g



15

o A o a Y v 9 g
%1ﬂﬂ']ﬁlcll‘l‘1]']ﬂslﬂ 19 Tagd@ 115 MUARNNAUDY ﬂJuiUUTWHTWﬂW‘IQiIWﬂ’JQ‘Di@’)ﬂ?ﬂ‘ﬂ?ulmzﬂ’l

<] 1 Py 9
Lﬂﬂﬂigi‘]‘ﬂWﬂu@ﬂ Iﬂﬁ]ﬂ"lﬂ'ﬂﬂﬂﬁ?llﬂﬂ'lﬂﬁllﬂqi

f=11/RC @.1)
A 4 1 I
£ =anudeane nieiu Hz
1 9 1 I~
R =manud iy niandu Q

1 v 3 ' [
c =amdunuiszy iy F

+5V
20
, 11
Vin e +Vin D7
12
D6 5
19 13 =
CLK R D5 8
10K D |14 <
4 15 <
AN P %
<G
120pF 75 ADC 0804 pg -2 =
1 17 =
DI A
2 18
DO
7 2hile
7y o ]
7 Y 5
L INTR

51/t 2.8 m3dercesifiel ADCOs04 Fhnusiaiiing

v
a A1 1

A o a =\ ° aa 4 A
AN d umwmmwmmummﬂmﬂﬂ fwarlideyafTasaniueianaNal
9
deandeafudya nuouzasANIBUNAINNTLAY
a 1 =1 1
41 5 v0410% ADC0804 1H11 INTR #30U19NIF8NI1U1 EOC (end of conversion) 9%

& s a N S ¢
THowwadluasin 0 Wemiudauasaduauysol



16

MRS Ieud1aBseINsaf U lane 9 (Vref2) A1dBIMIUTIAUDIBUM
&1 3V 2zdeatlouussdua 1.5V 41n1911 9
=\ ) 1 1 ¥ qu; 1 4
msnugulf lefauisariauediaderiieaiui CS uagy RD 2 ADINDAINT 1IN
1 9 '
AU WR zdesdodaiu INTR dauanslugili 2.8 msaeuvuiishlvide INTR oglu
3 3 Y o Y = = [ 1 a q’;’
an1y 0 41 WR Aidlu 0 dei i ledgaSwauazn INTR nduwegluaniug 1 9aase

] <

Sl v ARG i &
WR ﬂ‘ﬂmﬂu 1 ﬂ'lﬂJ“hJﬂ'JU ﬂ']iLLﬂa\'iﬁﬂlﬂﬂmﬂﬂzﬁuﬁuﬂﬂﬂﬁﬂ ‘IJ'Nﬂ'ix‘iﬂﬁgﬁ‘U'JUﬂ']ﬁﬂTﬁllﬂﬁﬁ

o o

@ 10 N hA < = v 4 g
Fuymeres livnuidesusiei1e Ssdesflowiadaudimen wr ieitlunsnsedu

17 lod5uinau

a J
2.4 mi’sgﬂswwizu‘umuﬁ]ualuiﬂmunm
e o a Y 1 o Ay =< A ¢
Tuszyumuauin daunlsdass ldunnauagdunlsinesmsinyivioeiayay
9 3 1 @ c?/’ KX o g 9 = a 4 1
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ilanninziianuesnieanuilaswegluszuuaiuqualsare i lviedyaves
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syuuiignatugu limmsanfouamSelinudu ldamuduyanidmualdiuiiulauas
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donarm lszuudhganeasiinanevauesdagiissvualyl
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nanouauedraIagszidudaiuaasdangdnssunianamans (Dynamical
' ! Sk ' o
Chracteristic) 845 ULTIgAAILAY BilswanpuauesIAgziijduuufindiondsfunansy
1A A g £ 1 K
AUDIWDITZULADDUNATITIU Impulse (Impulse Response) F49zna170145i0 11/
HAROUAUDINN1IZAIN (Steady State Response)
' ] i Y ] v
2. HaneUANBIIN1IEAINUBITZUURgAAILAN wAnTuloranaUauBItIng LA
= [ ntin, J 3 =Y = = 1 =
NalnFeuaasimveuoranavosszuuiu luiimsn/aeuulasdndely waneuauesiinig
{ a a o . s ~
ﬂaﬁ%meﬁawqmﬂﬁmmmam (Static Characteristic) HALANUNYINTY (Accuracy) VDI

o £ Y ° = a =
FEUUNYNAIUAN °]Ni]$“l/]i']’UulﬂIﬂﬂﬂﬁlﬂNﬁﬂ@ﬂﬁu@ﬂ‘ﬂﬂ'n%ﬂﬁV]‘IJENSZU‘U‘VIQﬂﬂ’J‘UﬂlﬂJ']



WHRITIOERNE N N 30NNaIMANIwN

17

1 Y
v @

P v a A o J A {0 [ a
wisumeuAudunANA MU AU 5uamwmaaszuu‘1/1m’szmﬁum”lmmﬂuauwmté’a
v ! i '
wu‘uﬂwﬂuﬁu%zumﬂmmammﬁauﬁmazmw (Steady State Error)

o o W Y 9 = Y
1NNV INAAITUUNAU %:mau"lmw
e(f) =e¢ (t) e (1) 2.2)

Tagh  c(f) WanPUAUBIHBIIA
¢, (t) WanUAUBITINg

s %

¢, () HaRDUAUBINNIIEAIN

Haeg
imC, (1) =0 (2.3)

a Jd 1 1 3 o a
TumsanuIdnsziiasmsmmranouaussdenaniu sz ldlasmsiinsame
' @ A a T 3 a 9 a A A
aovuausdAena1suiounnounanuua1en  luanuiueswdls Sunansonsnlaey
a = sy ¥ oA Y 1 =® =< a
wlasvesdunaonaziiziuuulan fldudiiieliazainunnisine Juendssinnvosauyn
= 92 a g A
HezldAnymgAnssuvesssuuaiuguesniiu 4 Yszianae
a 3 A < ; I a A g
I. BUWAUUY Impulse Function ¥3® Unit Impulse Function usunamiiuiuy
d! 9) cu a - § 3 d' a dgl ] =}
Impulse Gz 1Funudnsaizyesdunn Miedyyasuni) iadulugrmailan e

o o A
szozduNINg uaznua lUiun
r(t) =6(1) (2.4)
2 : A : : I a A g £ v
2. DUWALUY Step Function 139 Unit Step Function Lﬂu@uwmmﬂmmu Step F9z 1%
o a A o £ = 1 1 A & < ' A '
UNUDNEUSUBIDUNA (ﬂi@ﬁmmﬂmiﬂﬂ’JU) FuUasumNAIAINAINL ‘lﬂl‘]_luﬂ1ﬂ\3‘ﬂi’]ﬂﬂ']
24 4 4 H ) . 2 a & o g A
YU TﬂEmﬂmﬂasJumlaquumfﬂ%zmﬂmuﬁlummaﬂﬂnammLLazmﬂmmwawwmzma

anvznsiiogaaea il

r(t) = RU (1) 2.5)

51794
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r(t)=R t>0 (2.6)
r(t) =0 t>0 2.7)

Taon
U,(f) Unit Step Function

R Anan

a . 3 a A £ o 9 @
3. DUWANUY Ramp Function WudaunaMmiluuuy Ramp Fevziunlounudnyae
a A [ & a = 9 1 A A A :ﬁ?’ A
UVBIDUNA (ﬁi@ﬁi‘giy']miﬂﬂﬂ]u) G]Nllﬂﬁl,ﬂﬁEJ‘L!LL‘]JﬁQﬂ?ﬁlﬂWﬂQV]G]'lm']ﬁ'WlLWNGUHW5'@@']1!(;]6']

fasulagly

r(1) = RU(f) (2.8)
130
HOZRT O 120 2.9)
() =0 (<0 (2.10)

a < B I A . ! .
4. DUNALDY Parabolic Function Lﬂuauwmmu Parabolic NIDANITI (Acceleration)
é 9) [ a A [ d! a ci [ 1
m%ﬂmmuaﬂymmmaum (Wi@ﬁﬂgmﬂmiﬂﬂ’)u) “D'\'lﬁJﬂ"liLl]ﬁEJuLLﬂﬂQGluﬁﬂHEHZﬂ’J'IiJﬁ\‘]

' ] [ a dy [ ° 9 =2 o @ A o
a1 lsfianu Snvaizvesdunauuuiies lisesihwnldlumsanumdmsunsaingy

r(t) = Rt*U (1) (2.11)
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r(t) = Rt* t>0 (2.12)
r(t)=0 1< 0 (2.13)
A
r(t) Ru(?) r(t) r(t)
r(t) = Rtu(t) r(t) = Rt’ut(t)
B~ B B~
t t t
(M) (V) )

511 2.9 AnyULVIBUNAUUVA1Y

HWaRNBUTUDY Impulse

Y
finsanszuunuquuuugase Tl

R(A(|8 *+ E() wniyn C(0)

G(s) it

uun

A

H(s)

510 2.10 szvunuguuuUgLie
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fanduaelouvesszuunruguuuugliade

R(s) G(s) C(s)
1+ G(s)H(s)

s 2.11 Heddudre Touvesszuuaruquuuuglie

G(s)

ﬂﬂ“ﬂ M(S) = m (2.14)
awldn

C(s) _

RGs) =M(s) (2.15)
N30

C(s) =M(s)R(s) (2.16)

[ o A & a £ J A a | 4 .
dmSuszuuninilsfunauazriiueidneg iodunaiily Unit Impulse Function &(f)

C(s) = M(s) 2.17)

“ 7 I 1 Ql é
W51z sulasant)arwues Unit Impulse Function () UAUNINUHUI

c(t) =m(t) (2.18)
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M3 oNanDUADY Impulse HUIDI
91 a 9 A 1 A
ag11891 WanoUANDI Impulse voaszuarunuFudui liusaiuia ao
1 Aaa [
HARBUELDIABINA1YBTEUUAIANNTSURAY Unit Impulse Function waznsudasm
I P ' ) = 3
JavoenanouUaues Impulse AR Handua1eTonyedTsUIAIVAUUULDS Tumangufy
' A A o e ¢ deainid
2 easiin Iz B LT T IUAUANTI AT A WIAEUS NAABLTND Impulse Aty
v 1 Y [ v
SefuaaadangAnssuvesszuutiu g 2.12 SzuaAIDINANDUE WD Impulse YOITLTVY

LY LY ‘é
AIUANOUAVTU

/]
Sy i i 1 1 e
s + 1 4
10
1
0.1 > 1 i At kI I
s + 1 !
o0
T 1
- | b
0 g 1 Ow1 2 34
s +1 t

" U g é
5171 2.12 HanoUAUDI Impulse VDITFVUAIUANDUAVMI

2.41 MIIASYINAARUTHOITING

A55IA1EHHAADUALDIFINTVBITTVUAILAN %zummuﬁuﬁmmawu&u i
Tﬂaﬁ'ﬂﬂazﬁmsmwﬁeﬁy

15 ﬁzuuﬁuﬁnwﬁq (First Order Systems)

2. 52 UUOIUAV A9 (Secound Order Systems)
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R(s) 1 C(s)
R(s) E(s) 1 C(s) = >
— —% Ts+1
Ts
gﬂ?'\ 213 szuududunila
gl 2.13 flandudeTeuvesszuumuguuuuglia Ae
6 1
Sodl : (2.19)
R(s) Ts+1
AUMINAANYALAD
A(s)=Ts+1=0 (2.20)
130 s=-1/T (2.21)

£ ' @ A ey a2 A - J o '
PILTAII 51ﬂSU’E'N’diJﬂﬁﬂmﬁﬂ‘ﬁmz‘ﬁﬁ@ﬁﬂﬂ@ﬂ%@ﬂuﬂ’n Pole GUE]Q“WQWIMQTEJI@H

uyqUTA (Closed Loop Pole) azogidmdnudoununt Real Tusguny s(s-plane)

[Closed Loop Pole s = —1/T Open Loop Pole s =0]

[

! o = =< A s A a A
@@VLL]Jﬂ3‘1/]']ﬂ’]ﬁﬁﬂ‘]&ﬂﬂ\1Nﬁ@@ﬂﬁu@\‘lﬁ5@1@’]@]7‘!@1%@\‘153UU LN@@UW@ (1199 iyﬂgj’lmi‘ﬂ

a d' [ a 9 a T d' 1 9 9
NIU) llfﬂﬁL‘lJﬁEJuLLﬂ’ﬁ\‘iﬂl‘Llﬁﬂ‘Hm%ﬂJ@Q@uV\M’ON@Qﬂi%Lﬂ'VW]N“‘] NNANINIUVNAU

1T A d’ [q %
1. naneuaHBIRedUWATIIY Unit Impulse

ddy — 1 Q té OI 091’
ATUU R(s) UAUMNUNUIAIUU

ap)

Ts +1

(2.22)
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c(t) = %e””' (t>0) (2.23)

1 Aa A g [ ~
wanoauesredunadiiili Unit implse waraalidegilii 2.14

c(t)

ﬁ

L
T

§ ) A d
51/ 2.14 wanoUTLDIAREUNATIIIY Unit Implse

1 a aq L
2. waﬂauaumﬂaauwﬂmﬂu Unit Step

9 Y
Agaltl R(s) aumAy 1/s AU

1 1
(s)= T511) e (2.24)

159 1@8n1591 Partial Fraction Expansion

e
ames (2.25)

c)=1-e" =0.632 (2.26)
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o o W ' A g Y Y :
AuanyuzdidyvownanouTuesasmmiudulnglugdues Exponential Curve

A d’ U 1 =Wl 1w 1 Y d' d'
AD WD =T AUDINANDUTUDINDLINIIVEUAUNINY 63.2 % Gll@\‘]ﬂﬁzﬂﬂ'lﬂ‘ﬂﬂ'nzﬂ\‘lﬂ
e(T)=1-e" =0.632 (2:27)

‘=9} < 1 4 1 a ' 1w -4 4
wenunil agiuidiesyuueglunnzusniiy mwes c(r) wmdugud uaziior
i A ' v £ A 2K 1 v v 2 S v '
gNNITAIN AUBY C([) ZINMNUNUINIDNNIYDIIN wumuﬂ‘wuamwwﬂsmmamﬂugﬂ
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@ a 1w 4

4 ~ { dyd { 1 4
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ANNIUANTANADUND

e(t)=r()—c(t)
=T (2.28)

Tagh e(r) AANUARIANDDY

' A A a Y
Manuamanasunazah e (1) azmlann

e (t)=lime()|t >

=0 (2.29)
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T
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1 a A g ; 9 v ~
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i =T c(t) = 63.2% weamgateninnzasii
t=2T ¢(t) = 86.5% vesAIgATETin1IZAT
t=Bref) . = 95%  wpamgamefinzasi
t=4T c(t) = 98.2% mmthﬂﬁ'wﬁmazmﬁ
L= e 99.3% mmmqﬂﬁ’wﬁmazmﬁ
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a4 A g a ] S = =
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L 51998 Y e

~

Y
~

A ~ ) ' o3| ~ ~
51 2.15 msulAvuanznnwaneuauesrang iflunanouauesiniizai

3. wanovUauenodUWATITY Unit Ramp
Y v
Asalll R(s) daumau 1/s> aariu
1 1

#3508 1A8N15911 Partial Fraction Expansion

Bl il
s- s Ts+1

(2.32)
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co()=t-T+Te'"" (t20) (2.33)

1 é‘l A
AnNuAAIANADU e(f) AD

e(®) =r(t)—c(t)
=T(1-e"'") (2.34)

' A a ~ Y
AnnuAmAnaeuin1Zasi e, (£) asmiAan

e(0) =T (2.35)

' A A A o o B Gy ~ a A
AN NUAAAUATOUNNIITAINUAUNINDY T AIHUDUINIAINUDITEUUNAIUINNTD
9 ' 2 ~ e VoA Y VY
Hoy mﬂ’JTJJﬂa1ﬂLﬂﬂEJ‘L!‘VIm’Jxﬂ\‘JW]%Nmmﬂﬂ’ﬂﬁiﬂuﬂﬂﬂ?m%ﬂ

1 a A g @ =
NaneUAUBIREBUNATIIL Unit Ramp tiaras1ddsgili 2.16

r(t)A
C(t)

6T L Steady state

error

AT

4 1 a A g
311 2.16 wapoUTLBIRDBUYR W Unit Ramp
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2.4.3 aaniAunalszmsvesszuuiiduFadumashinlsaunm

Y
=

a Il Y v
MMz arkuuagyl ladad

1 a A g
NIMYDINANDUAUDIADDUNATIIY Unit Ramp

c(t)=t=T+Te"'" (=0) (2.36)

a 1 a { g
ﬂ‘iﬂl‘ll'fNNﬁﬂ@ﬂﬁu@ﬁ@@@u‘l’!@ﬁkﬂu Unit Step
1 a A g 3 4 g ' v d K . v @ £
wamauaummauwmmﬂu Unit Step mrﬂummywu‘ﬁ (Derivative) DHUAUNUIUDY

Unit Ramp Ao
c(t)y=1-e"'" (t > 0) (2.37)

=% . a { o
3 RIUBINANBUAUDIADBUNAMIIY Unit Impulse

" a A g § & g o 3 A
wamuaummauwmmﬂu Unit Impulse G]NL‘IJU?T]@HWHF’U'EN Unit Step 1D
1=
c(t) = e & (t>0) (2.38)

A = ~ Y < ' 1 a A g A o g
WonlSeuneunuIziiumn wa@auauawmizuma@ummﬂu Unit Step Huazitlu

1 @

4 1T Aa { . o = Y
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(Integrate) ﬂJ@QNﬁﬁ@UﬂH@Q@@@‘HW@WLﬂH Unit Impulse UAZHAADUTUDIVDITSUUADIUNA
A g ¥ < T a a 1A A g : =
MY Unit Ramp %3Lﬂuﬂ']@u‘ﬂmiﬁﬂl@@ﬂﬁﬂ@ﬂﬁuﬂﬁﬂlﬂﬂi%ﬂﬂﬁﬂ@uﬂﬁﬂ&ﬂu Unit Step Taen
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1 = a a 9 1 A A & wa A
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a
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a [ U 4!
2.4.4 a7 NgANIINVBITZUVOUAVHU
[ A J v ' a 1
1. 5INUDAAUNIAUINHUE (30 Pole yoaflarauaisTounuugye) szoguuuny
4 9 Y ' 2 a A
Real Mentadny Tuszany s Gogmensaun szuvee hilladesnw)
a J ' J 1 _
2. WOANITUNIWARNTAS YDINAADLAUBIADIIAT (1DIANA) 1z0g 1131l Exponential
Curve
g ' a a a dg‘ 1
3. A5 IVDINANBUAUDIADLIA Tumsaamumsasuilasvpsounn 1IUDY
@ ' { { 1 Jd 4 a
&uafind (Time Constant) voeszuudt T fiantioy mmwmgLﬂﬁﬂuuﬂmmmuwﬂﬁ'
]
390137

4 wamsuaupReraziagn1Izni derawily 4 11weq Time Constant
2.4.5 STUVIUAVTD

a v W ~ ~ @ I 0

AorsanszuusuduaeslugUit 2.17 Tnefimafleundueziiluuuy Unity Feedback

H(s)=1

E(s)

R(s) WE~ C(s)

s(s+24w,)

d' % QJ
1l 2.17 szUUTUAUADY
Harduaolouveglae

Co). 0

S s P

(2.39)

oo ¢ wazniurnie ez o, Imnh waziladFudoTouvesguiane
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C(s @’y
(s) =7 3 (2.40)
R(s) s +20w,s+w@"»
aumsnuanyuzuedglade
AGS)=5*+2lw,5 +w°n =0 (2.41)

Tao# ¢ Damping Ratio
w, Undamped Natural Frequency
a 4 v W a a 4
Wﬂﬂﬂﬁ5lJ‘V]Tﬂwaﬂ']ﬁ@lﬁsl]@ﬁﬁgﬂﬂﬂuﬂﬂﬁ@ﬂﬁ"]ll15ﬂ@‘ﬁl]WSqﬁliuLﬂ@Nm@QWWiWNLﬁ@ﬁ
Y a I
a94ff0 ¢ uaz o, Taoiorsanlailu s nydife
1. N58¢ Undamped (£ = 0)
csdy 1 A a ] 5
NIUY IINVNTNUNITAMANHUS (Y159 Pole m@ﬁ@‘ﬂﬂﬂ) DYVULNU Imaginary 1u
= 4 a ! " 1 1 4 [
ITHIY § °1NL@'mwlﬂsll'f]\ﬁgﬂlmgmﬂﬂ’ﬁuﬂ?ﬁ (Oscillate) @ﬂTQﬁ@Lﬁ@\‘lﬂu‘lﬂ
2. 758 Underdamped (0 < ¢ < 0)
b
~ @ < a a [
N3t nvesaumMInmanEMy szilul/SuanFaden (Complex Conjugate) Hazoy
& d £ ) '
V]']\‘]ﬂ?ﬁ“lg){?&](luizu?U S LLﬁ$§$‘U‘Uﬂ$Lﬂ1&LLU°}J Underdamped FINAADUTUDIYINFUDITSUUIS
Aansunianeldnianuag
3. 158l Criticcal Damped (£ =1)
Y Il
Asiif SInvesAuMInNANYaE wwlmhiuuazeguuuny Real menseiiely
ITHUIY § “dﬁﬂN'ﬁ@]@‘Uﬁu@ﬁﬁl@L'Jﬁ']‘U@Qﬁ$<U<U%$L1’Tﬁ@uﬁ?@ﬂg'ﬁlﬁﬂWﬁ@@ﬂﬁu@ﬂﬂ]@ﬂﬁ%ﬂﬂ
% % d! = 1
suauntag luiinisunie
4. 58 Overdamped (£ > 1)
4
=} % 1 1 1 Q/ 1 1 é
ﬂ’ifﬁu 5Wﬂﬁuaﬂﬁumiﬂmaﬂymmzﬁﬂﬂmmﬂu UATDYVULUNU Real Vl'lx‘lﬂﬁ\‘iclsfl']ﬂ‘lu
A
ITHIY & NINUALASHANDUTUDIADIINIVDITS UL ﬂ&ﬂﬁ@uﬁ?@ﬂgqﬁlﬁﬂWﬁﬁ@ﬂﬁu'ﬂ\‘ﬁl@\j
o % d! 1P=1 1
i&’U‘Uauﬂuwumaﬂnmmmmq
5. N5 Negative Damped (¢ < 0)
Y
=1 % 1 A
ﬂﬁiﬁu TINVDITUNIAUANHUSITVYVULNU Real 1/]']\3?]5\3‘1]'3']011!!5314']1] s agIsuy
1 =
v luiadosnw

7911 3 NNTUDINANDVAUBIADIINIVOITLUUBUAUADINDBUNALU VA
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HanoUaUBIRBAUNATITIY Unit Step
A58 Undamped (£ = 0)

nnaumsia llvesilsddude Touvesgyila Ao

Sl ok (2.42)
R(s) s*+2lw,s+ @
e (¢ =0) wlédh
CON\F (2.43)
R(s) s> +a’s
aumsnudnyazvesqlla fio
A(s)=s>+@? =0 (2.44)
SINVOLTUAMIAVANYUE AD
S,,8, =tjo, (2.45)

o A
f

sfufio SInveANMIAANYAIY 92BGUNINY Imaginary TUTEWIV S TaiAwnny

i a I ' T W 1
waziilodunaiily Unit Step R(s) HAwmny 1/s 1214
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A58l Critical Damped (¢ =1)
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waztiiodunaiu Unit Step 9218
a)2
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Mnmsudasnduarany vz 1@
Cty=1-e " (1+m,t) (t=0) (2.58)
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Tsunsumugumarnauvediulasneulnsames

ORG
LJMP
R6 EQU
R7 EQU
ADC_BUF EQU
Vee RY EQU
ADC_WR EQU
ADC_RD EQU
ADC_INT EQU
LD_BU EQU
LD_FU EQU
MAIN: MOV
L@AIL
MOV
MOV
MOV
MOV
CLR
CLR_MEM:
I,CALL
SETB
SETB
START LOOP:
LCALL
CJINE
LJMP
NEXT 1:
CJINE
LJMP
NEXT 23
CJINE
CLR
LJMP

s AL PELLL LT LA L ELLL AL L

START ACQ:
SETB
MOV
ACQ LOOP1:
LEATLI

MOV

0000H

MAIN ;reset vecter

06H
07H

40H

Pl.
B3
P 34
P35

g W s DN

Bl
Bl

w

SP, #256-32 ;define stack = 32 byte
INIT SER

A, #0F8H

P1,A

A, #0FFH

P3,A

VCE. RY

RAM CLR
LD BU
LD_FU

RX BYTE

A, #31H,NEXT 1
START_ACQ 7/ #START ACQ
A, #32H,NEXT_2
CLR_MEM ;// CLEAR MEMORY
A, #33H, START_LOOP

LD BU
SND DATA  ;// SEND DATA VIA RS232 19200BPS.

START ACQ.

VCC_RY
DPTR, #00H

ADC_AQ

A, DPL
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CJINE A, #0FFH, ACQ_STORE

MOV A, DPH
CJINE A, #07FH, ACQ_STORE :/// PARK AT 1FFFH
CLR EA
CLR LD FU
CLR VCC_RY
LJMP START LOOP
ACQ STORE:
CLR P1::0
CLR Biil
MOVX @DPTR, A
INC DPTR
LJMP ACQ_LOOP1
S AL I T LSS T T LA A L LT o DATA ACQ TRACE IN
ADC_AQ:
SETB 1.0
SETB P1.%
NOP
NOP
CLR ADC_WR
NOP
NOP
SETB ADC_WR
MOV A, #O0FFH
MOV PO, A
ADC_WAIT: CLR LD_BU
MOV A, P3
JB ACC.5,ADC WAIT
CLR ADC_RD
NOP
NOP
MOV A, PO
MOV ADC_BUF, A
SETB ADC_RD
SETB LD BU
RET
s 1111011111 L 94 T NS SEND DATA TO PC
SND DATA:
CLR Pl.4
CLR P1.0 ;/// MEMORY SELECT
CLR P4
MOV DPTR, #00H
SER1:
MOV A, #0H
MOVX A, @DPTR
LEALT TX BYTE
MOV A, #0AH
LCALL TX BYTE
MOV A, #0DH
L.GALL TX BYTE
MOV A, DPL
CJINE A, #0FFH,NEX_ SER

MOV A,DPH
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CJINE
TX20%

MOV

MOV
TX4

PUSH

MOVC

CJINE

POP

SETB

LJMP
SEND_MS:
LCALL
POP
INC
LJMP
NEX_SER:
INC
LJMP

A, #07FH, NEX SER

DPTR, #EDMS
A, #0H

ACC

A, GA+DPTR

A, #00H, SEND_MS
ACC

LD _BU

START LOOP

TX BYTE
ACC

A

TX 4

DPTR
SER1

WIIIRERY J (A ATTR] VIR [ )

INIT SER:
MOV
MOV
MOV
MOV
MOV
CLR
SETB
CLR
CLR

RET

TMOD, $00100000B
SCON, #01010000B
TH1, #O0FDH

A, #80H

PCON, A

ET1

TR1

ES

EA

s 11111 TN 11 1P | RN BN Ll

RAM CLR:
CLR
CLR
CLR
MOV
RAM CLR1:
MOV
MOVX
MOV
CJINE
MOV
CJINE
SETB
RET
RAM CLR2:
INC
LJMP

LD _BU
P1.0

Pl
DPTR, #00H

A, #30H

@DPTR, A

A, DPL

A, $0FFH, RAM_CLR2
A, DPH

A, #07FH, RAM_CLR2
LD BU

DPTR
RAM CLR1

IS LTSS T L L

TX_BYTE:
PUSH
CLR
MOV
JNB

IE

T
SBUF, A
TI,S

;/// PARK AT 1FFFH

;timel mode2
;model serial port

;SMOD = 1
;clear timerl interrupt
rstart-timerl
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CLR T
POP IE
RET
S SSTTAS TS ALLTLLLSAAALLTAT A AAA TS
RX BYTE: PUSH IE
JNB RIS ; Wait data
CLR RI
MOV A, SBUF
POP IE
RET
SIS SSSALATTLLAAALLTLLL AL LA S
DELAY : PUSH R7
PUSH R6
DEL1: MOV R6, #0FFH
DELZ2: MOV R7, #0FFH
DJINZ R, S
DJINZ R6, DEL2
POP R6
POP R7
RET
/11T IILL WP LR,
EDMS: DB OCH, "END OF DATA', OAH,ODH, OOH

END
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function varargout = A6(varargin)

A6 M-file for A6.fig
A6, by itself, creates a new A6 or raises the existing
singleton*.

o0 0P oP

oo

H = A6 returns the handle to a new A6 or the handle to
the existing singleton*.

o o°

o°

% A6('CALLBACK',hObject,eventData,handles,...) calls the
local

3 function named CALLBACK in A6.M with the given input
arguments.

o

A6 ('Property', 'Value',...) creates a new A6 or raises the
existing singleton*. Starting from the left, property
value pairs are

o°

% applied to the GUI before A6 OpeningFunction gets called.
An

% unrecognized property name Or invalid value makes property
application

% stop. All inputs are passed to A6 OpeningFcn via
varargin.

%

% *See GUI Options on GUIDE's Tools menu. Choose "GUI

allows only one
% instance to run (singleton)".

S See also: GUIDE, GUIDATA, GUIHANDLES

Edit the above text to modify the response to help A6

o°

s T,ast Modified by GUIDE v2.5 09-Apr-2004 1 2¢=29: 40

% Begin initialization code - DO NOT EDIT

gui_ Singleton = 1;

gui:Stake = struct ('gui Name', mfilename,
"gui Singleton', gui_Singleton,
'gui OpeningFcn', @A6_OpeningFcn,
'gui OutputFcn', @A6_OutputFcn,
"gui LayoutFecn', [y
'gui Callback', (e

if nargin & isstr (varargin{1l})

gui_State.gui_Callback = str2func(varargin{l});
end

if nargout
[varargout{l:nargout}] = gui mainfcn(gui_State, varargin{:});
else
gui mainfcn(gui_State, varargin{:});
end
o End initialization code - DO NOT EDIT
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o _—- Executes just before A6 is made visible.

function A6_Openinchn(hObject, eventdata, handles, varargin)

¢ This function has no output args, see OutputFen.

% hObject handle to figure

o eventdata reserved - to be defined in a future version of
MATLAB

% handles structure with handles and user data (see GUIDATA)
% varargin command line arguments to A6 (see VARARGIN)

o Choose default command line output for A6
handles.output = hObject;

% Update handles structure
guidata (hObject, handles) ;

o UIWAIT makes A6 wait for user response (see UIRESUME)
¢ uiwait (handles.figurel);

cle

instrreset

sl = serial(‘COMl','baud',l9200,‘Timeout',ZO);
set(sl,‘InputBufferSize',IOOOOO)

fopen (sl)

fprintf §sil, '21)

fclose(sl)

save MySerial sl

g --- Outputs from this function are returned to the command
line.

function varargout = A6_Outputhn(hObject, eventdata, handles)
¢ varargout cell array for returning output args (see
VARARGOUT) ;

% hObject handle to figure

2 eventdata reserved - to be defined in a future version of
MATLAB

% handles structure with handles and user data (see GUIDATA)

o Get default command line output from handles structure
varargout {1} = handles.output;

o ___ Executes on button press in START.

function STARTrCallback(hObject, eventdata, handles)

% hObject handle to START (see GCBO)

o eventdata reserved - to be defined in a future version of
MATLAB

% handles structure with handles and user data (see GUIDATA)
ele

load MySerial sl

fopen(sl)

fprintfi(sl, '1")
fclose(sl)
save MySerial sl

——— Executes on button press in LOAD.
unction LOAD_Callback(hObject, eventdata, handles)

o Hh o°

hObject handle to LOAD (see GCBO)
2 eventdata reserved - to be defined in a future version of
MATLAB

% handles structure with handles and user data (see GUIDATA)
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cle
load MySerial sl
fopen(sl)

number of data = 32767;

fprintf(sl,'3")

show data = fread(sl, [number of data 1], 'uchar') $receive data
fclose (sl)

save MySerial sl

data = show _data*0.0195;

wklwrite(‘C:\Measure_value.xls',data)

save ('data')

save ('number of data')

¢ ——-— Executes on button press in PLOT.
function PLOT_Callback(hObject, eventdata, handles)
% hObject handle to PLOT (see GCBO)
e eventdata reserved - to be defined in a future version of
MATLAB
% handles structure with handles and user data (see GUIDATA)
ele
load data
load number of data
[row,n] = size(data);
k=1;
for i=@#l :ccowFL
t(kf1)= 1Y 38es6n
k B8 k3=t ;
end

plot (t,data)
ftype = fittype('a-exp(-x/b)');
fresult = fit(t,data, ftype)

ci = confint (fresult,0.95)
pl = ci\({; I~

a = mean(pl);

p2 = ci(R%)

tua = mean(p2)

H = sym('HWN,7?

s = sym('s');

H = 1/ (tua*s+l)

save ('H'")

¢ _-- Executes on button press in FUNCTION.
function FUNCTION_Callback(hObject, eventdata, handles)

hObject handle to FUNCTION (see GCBO)
o eventdata reserved - to be defined in a future version of
MATLAB
% handles structure with handles and user data (see GUIDATA)
load H
co = char (H);
set(handles.listboxS,'string',[‘G(s) =! -cold)

¢ ——— Executes on button press in CLEAR.
function CLEAR_Callback(hObject, eventdata, handles)

% hObject handle to CLEAR (see GCBO)
o eventdata reserved - to be defined in a future version of
MATLAB

% handles structure with handles and user data (see GUIDATA)
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clc

cla

load MySerial sl
fopen(sl)

forintE (sl "2")

fclose (sl)

save MySerial sl

co-.=0;

set(handles.listbox3,'string‘,['TRANSFER FUNCTION', co])

o\

——— Executes during object creation, after setting all

properties.

function listbox3_Creatchn(hObject, eventdata, handles)

% hObject handle to listbox3 (see GCBO)

¢ eventdata reserved - to be defined in a future version of
MATLAB

% handles empty - handles not created until after all

CreateFcns called

s Hint: listbox controls usually have a white background on
Windows.

% See ISPC and COMPUTER.

vE-Sispe
set(hObject,'BackgroundColor‘,'white');

else

set(hObject,'BackgroundColor',get(O,'defaultUicontrolBackgroundCo
loxr'));

end

o __- Executes on selection change in listbox3.

function listboxB_Callback(hObject, eventdata, handles)

% hObject handle to listbox3 (see GCBO)

¢ eventdata reserved - to be defined in a future version of
MATLAB

% handles structure with handles and user data (see GUIDATA)

oo

Hints: contents = get (hObject, 'String') returns lisgbox3
contents as cell array

% contents{get (hObject, 'Value')} returns selected item
from listbox3
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Features

Compatible with MCS-51™ Products

« 8K Bytes of In-System Reprogrammable Flash Memory
« Endurance: 1,000 Write/Erase Cycles
Fully Static Operation: 0 Hz to 24 MHz
Three-level Program Memory Lock

256 x 8-bit Internal RAM

32 Programmable I/O Lines

Three 16-bit Timer/Counters

¢ Eight Interrupt Sources

Programmable Serial Channel
Low-power ldle and Power-down Modes

Description

The AT89C52 is a low-power, high-performance CMOS 8-bit microcomputer with 8K
bytes of Flash programmable and erasable read only memory (PEROM). The device
is manufactured using Atmel’s high-density nonvolatile memory technology and is
compatible with the industry-standard 80C51 and 80C52 instruction set and pinout.
The on-chip Flash allows the program memory to be reprogrammed in-system or by a
conventional nonvolatile memory programmer. By combining a versatile 8-bit CPU
with Flash on a monolithic chip, the Atmel AT89C52 is a powerful microcomputer
which provides a highly-flexible and cost-effective solution to many embedded control
applications.

; i ; PDIP
Pin Configurations
A ~J
PQFP/TQFP a2y prott opvec
iy M2EX) PLIC]2 391 PO.0 (ADD)
5 o s P23 38[PO1 D1
N a %§5 P304 27 [IPO2 (AD2Y
PRt Sld e P1.40s 28 [AP0.2 (AD3:
AiaaasSEEER PaCe 35[1P0.4 (AD4)
Looon s Fad? 343 P05 (AD5)
TEITES LRI P17C]B 23[1PO.6 (ADB:
P10 53 [1P0.4 (AD4) RSTOE 32 [ RAE (AOT)
P60 22 [ PO.5 {ADS) (RXD) PR.OCIIG
P17 WD)V o
cerdi (TG Pa.2C] 12 2 [PEEN
X0V PA0T 5 Ty P23 13 28[1P27 (A15)
5 T PaAC 14 27 P26 A
7 T Pasd 16 25 P25 A19)
3 (WR) PG ] 16 2[P24a12)
(T PaaCs (RD) P27 17 24P23 A1
o Psag6 XTAL2[] 18 @3 P22iA10)
Tnezsdn xTaLi 18 22[OP21iA%}
aND 20 210120 iAg)

S
39 1PO.4 (ADA)

P15

P16 P05 (ADS)
P17 37 D P06 (ADE)
RSTCO 36 O PO.7(ADT)

(RXD) P3.0
NC

i1 35 EAVPP
s4ANC

(TXD} P31 53 [0 ALEPROG
{INTO) P5.2 32 ) PSEN

31 QP27 (A1S)
30 P25 {A14)
L4 PP25iA1d)

T ©)

8-bit
Microcontroller
with 8K Bytes
Flash

AT89C52

Rev. 0313H-02/00
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Block Diagram

PO.0 - PO.7 P2.0 - P2.7
E PORT 0 DRIVERS PORT 2 DRIVERS !
GND | K T i T
T RAM ADDR. PORT 0 PORT 2 QuICK :
' REGISTER RAM LATCH LATCH FLASH !
' 1
! y Y A
H 3 !
| w |
' PROGRAM :
! B s STACK A !
; REGISTER ACC POINTER o[
l i
z A |
' <4—>» BUFFER > i
: TMP2 TMP1 '
3 i
PC
! ALY INCREMENTER ;
i INTERRUPT, SERIAL PORT, i
i AND TIMER BLOCKS ;
1 PROGRAM 4 i
' pawW COUNTER i
| c |
PSEN <€——] :
ALEPROG <4——  TMIG | \ysraucTion DPTR »
EA / Vs ——P{ CONTROL REGISTER :
RST ——P| :
' A ;
' PORT 1 PORT 3 E
! LATCH LATCH b
: :
1 osc y 3
: PORT 1 DRIVERS PORT 3 DRIVERS ;
P1.0 - P1.7 P3.0 - P3.7
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s A T89C52

The ATB9CS52 provides the following standard features: 8K
bytes of Flash, 256 bytes of RAM, 32 I/O lines, three 16-bit
timer/counters, a six-vector two-level interrupt architecture,
a full-duplex serial port, on-chip oscillator, and clock cir-
cuitry. In addition, the AT89C52 is designed with static logic
for operation down to zero frequency and supports two
software selectable power saving modes. The Idle Mode
stops the CPU while allowing the RAM, timer/counters,
serial port, and interrupt system to continue functioning.
The Power-down mode saves the RAM contents but
freezes the oscillator, disabling all other chip functions until
the next hardware reset.

Pin Description

vcc
Supply voltage.

GND
Ground.

Port 0

Port 0 is an 8-bit open drain bi-directional /O port. As an
output port, each pin can sink eight TTL inputs. When 1s
are written to port O pins, the pins can be used as high-
impedance inputs.

Port 0 can also be configured to be the multiplexed low-
order address/data bus during accesses to external pro-
gram and data memory. In this mode, PO has internal
pullups.

Port 0 also receives the code bytes during Flash program-
ming and outputs the code bytes during program
verification. External pullups are required during program
verification.

Port 1

Port 1 is an 8-bit bi-directional I/O port with internal pullups.
The Port 1 output buffers can sink/source four TTL inputs.
When 1s are written to Port 1 pins, they are pulled high by
the internal pullups and can be used as inputs. As inputs,
Port 1 pins that are externally being pulled low will source
current (I;) because of the internal pullups.

In addition, P1.0 and P1.1 can be configured to be the
timer/counter 2 external count input (P1.0/T2) and the
timer/counter 2 trigger input (P1.1/T2EX), respectively, as
shown in the following table.

Port 1 also receives the low-order address bytes during
Flash programming and verification.

Port Pin | Alternate Functions

P1.0 T2 (external count input to Timer/Counter 2),
clock-out

P14 T2EX (Timer/Counter 2 capture/reload trigger and
direction control)

AIMEL

Port 2

Port 2 is an 8-bit bi-directional I/O port with internal pullups.
The Port 2 output buffers can sink/source four TTL inputs.
When 1s are written to Port 2 pins, they are pulled high by
the internal pullups and can be used as inputs. As inputs,
Port 2 pins that are externally being pulled low will source
current (1, ) because of the internal pullups.

Port 2 emits the high-order address byte during fetches
from external program memory and during accesses to
external data memory that use 16-bit addresses (MOVX @
DPTR). In this application, Port 2 uses strong internal pul-
lups when emitting 1s. During accesses to external data
memory that use 8-bit addresses (MOVX @ RI), Port 2
emits the contents of the P2 Special Function Register.

Port 2 also receives the high-order address bits and some
control signals during Flash programming and verification.

Port 3

Port 3 is an 8-bit bi-directional I/O port with internal pullups.
The Port 3 output buffers can sink/source four TTL inputs.
When 1s are written to Port 3 pins, they are pulled high by
the internal pullups and can be used as inputs. As inputs,
Port 3 pins that are externally being pulled low will source
current (I, ) because of the pullups.

Port 3 also serves the functions of various special features
of the AT89C51, as shown in the following table.

Port 3 also receives some control signals for Flash pro-
gramming and verification.

Port Pin Alternate Functions

P3.0 RXD (serial input port)

P3.1 TXD (serial output port)

P3.2 INTO (external interrupt 0)

P3.3 TNTT (external interrupt 1)

P3.4 TO (timer 0 external input)

Pes T1 (timer 1 external input)

P3.6 WR (external data memory write strobe)

o RD (external data memory read strobe)
RST

Reset input. A high on this pin for two machine cycles while
the oscillator is running resets the device.

ALE/PROG

Address Latch Enable is an output pulse for latching the
low byte of the address during accesses to external mem-
ory. This pin is also the program pulse input (PROG) during
Flash programming.

In normal operation, ALE is emitted at a constant rate of 1/6
the oscillator frequency and may be used for external
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timing or clocking purposes. Note, however, that one ALE
pulse is skipped during each access to external data
memory.

If desired, ALE operation can be disabled by setting bit 0 of
SFR location 8EH. With the bit set, ALE is active only dur-
ing a MOVX or MOVG instruction. Otherwise, the pin is
weakly pulled high. Setting the ALE-disable bit has no
effect if the microcontroller is in external execution mode.

PSEN

Program Store Enable is the read strobe to external pro-
gram memory.

When the AT89C52 is executing code from external pro-
gram memory, PSEN is activated twice each machine
cycle, except that two PSEN activations are skipped during
each access to external data memory.

Table 1. AT89C52 SFR Map and Reset Values

EA/VPP

External Access Enable. EA must be strapped to GND in
order to enable the device to fetch code from external pro-
gram memory locations starting at 0000H up to FFFFH.
Note, however, that if lock bit 1 is programmed, EA will be
internally latched on reset.

EA should be strapped to V¢ for internal program
executions.
This pin also receives the 12-volt programming enable volt-

age (Vpp) during Flash programming when 12-volt
programming is selected.

XTAL1
Input to the inverting oscillator amplifier and input to the
internal clock operating circuit.

XTAL2
Output from the inverting oscillator amplifier.

OF8H OFFH
OFOH 2 OF7H
00000000
OE8H OEFH
ACC
OBOH | 50000000 e
oDeH ODFH
PSW
oboH i R.oonthe 0D7H
ocert M Rr2ea T2MOD RCAP2L RCAP2H TL2 TH2 o
00000000 XXXXXX00 | 00000000 | 00000000 | 00000000 | 00000000
0COH 0C7H
0B8H BFH
XX000000 2
P3
0BOH | 1N 0B7H
0AH = AFH
0X000000 0
P2
it 11111111 0A7H
SCON SBUF
9H | 00000000 | XXXXXXXX 2FH
P1
8OH | 1111111 o
sl TCON TMOD TLO L1 THO TH1 -
00000000 00000000 00000000 | 00000000 | 00000000 | 00000000 o
o PO SP DPL DPH PEON” ' o)
1111111 00000111 00000000 | 00000000 0XXX0000

AT89C52 mrmrrremrr
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Data Sheet

8-Bit, Microprocessor-Compatible, A/D
Converters

The ADC080X family are CMOS 8-Bit, successive-
approximation A/D converters which use a modified
potentiometric ladder and are designed to operate with the
8080A control bus via three-state outputs. These converters
appear to the processor as memory locations or I/O ports,
and hence no interfacing logic is required.

The differential analog voltage input has good common-
mode-rejection and permits offsetting the analog zero-input-
voltage value. In addition, the voltage reference input can be
adjusted to allow encoding any smaller analog voltage span
to the full 8 bits of resolution.

Typical Application Schematic

Nyoldcs YV ve|Zaesv 1s0pF
|_2]®RD  cikr|1S
| 3] WR ok 410@ | F;W
L—d INTR
1 og
]| DBy
o [92
ANY = 2 fe={ OBs
\(PROCESSOR! o |13 DBj
114 oB, vt |E
le— 54 YINITlp—o | DIFF __
151 pB, vy (|, PINPUTS
le—| DB3 N () o
J8los, acnD[®
&7l oey  Vgee2 |2 anEF/2|
NJe2] DBy  DGND 10 .

8-BIT RESOLUTION
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ADC0803, ADC0804

August 2002 FN3094.4

Features

.

80C48 and 80C80/85 Bus Compatible - No Interfacing
Logic Required

Conversion TIMe 67 i o s da/e duii e i s it 46 <100us
Easy Interface to Most Microprocessors

Will Operate in a “Stand Alone” Mode

Differential Analog Voltage Inputs

Works with Bandgap Voltage References

TTL Compatible Inputs and Outputs

On-Chip Clock Generator

Analog Voltage Input Range
(SinglebF5V Supply) . . . R 0V to 5V

No Zero-Adjust Required

80C48 and 80C80/85 Bus Compatible - No Interfacing
Logic Required

Pinout
ADC0803, ADC0804
(PDIP)
TOP VIEW
cs[1 ¥ [20] v+ OR Vier
RD [2] 9] cLK R
wr 3] [18] DBo (LsB)

CLK IN [4]

W[5
Vin (+) 8]
vin () [7]
AGND [E]

[17] DB,
[16] 0B,
18] pB;
[74] DB,
[13] DB

OVER ANY
DESIRED Vreri2 3] 2] DB
ANALOG INPUT
VOLTAGE RANGE DGND [1g 7] DB7 mse)
Ordering Information
PART NUMBER ERROR EXTERNAL CONDITIONS TEMP. RANGE (°C) PACKAGE PKG. NO
ADCO803LCN 11/2 LSB |VRrgp/2 Adjusted for Correct Full Scale Oto70 20 Ld PDIP E20.3
Reading
ADCO0804LCN +1LSB  |VReF/2 = 2.500Vp¢ (No Adjustments) Oto 70 20 Ld PDIP E20.3
1 CAUTION: These devices are sensitive to electrostatic discharge: follow proper IC Handling Procedures.

1-888-INTERSIL or 321-724-7143 | Intersil (and design) is a regislered rademark of Intersil Americas Inc

Copyright © Intersil Americas Inc. 2002 All Rights Reserved
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ADC0804

Functional Diagram

START
CONVERSION

i e

= o2 READ
ety “q" = RESET SHIFT REGISTER
= 0" = BUSY AND RESET STATE RESET
WR
INPUT PROTECTION
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s CLK A CIRCUITS ,L
3
CLKIN BV =30V b
¢ DFF1
7 GEN
Ak CLKS
T CLK 0SC L [SrarTrr] Q
10
! DGND R
CLKB \
I =N T
NSB| D
v+ 20 %+ la—o!
\/ < | —
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> aND S ApPROX. [ SHIFT
DECODER [¢ REGISTER [¢—|REGISTER
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VREF/2 0— =  — R f¢
B G RESET
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D
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Q
Vin (+) \ L A2A2XX VL
THREE-STATE XFER SET
7
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111213 14151617 18

—_—
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OUTPUT LATCHES t
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CONV. COMPL.
|

DIGITAL QUTPUTS

THREE-STATE CONTROL

“1" = OUTPUT ENABLE

|-——8xut

IF RESET = “0"
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ADCO0803, ADC0804

Absolute Maximum Ratings
Supply Voltage. .. . ....cooeavninnn
Voltage at Any Input
Operating Conditions
Temperature Range. .................

Thermal Information

................ 6.5V

Maximum Junction Temperature

PlasticPackage ..........coooiiiiiiiniiieien
Maximum Storage Temperature Range
Maximum Lead Temperature (Soldering, 10s)

.......... 0°C to 70°C

Thermal Resistance (Typical, Note 1)
PDIPPackage ........ooovivnvunenoiennnn

8,4 (°CIW)
80

CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage lo the device. This is a stress only rating and operation of the
device at these or any other conditions above those indicated in the operational sections of this specification is not implied.

NOTE:

1. 8, is measured with the component mounted on a low effective thermal conductivity test board in free air. See Tech Brief TB379 for details.

Electrical Specifications  (Notes 2, 8)
PARAMETER | TEST CONDITIONS MIN TYP MAX UNITS
CONVERTER SPECIFICATIONS V+ = 5V, T4 = 25°C and fg i = 640kHz, Unless Otherwise Specified
Total Unadjusted Error
ADCO0803 VRep/2 Adjusted for Correct Full Scale Reading - - 1:1/2 LSB
ADCO0804 VRgf!2 = 2.500V - - +1 LSB
VReF/2 Input Resistance Input Resistance at Pin 9 1.0 1.3 - ke
Analog Input Voltage Range (Note 3) GND-0.05 - (V+) +0.05 \
DC Common-Mode Rejection Over Analog Input Voltage Range - ’51’16 t‘/g LSB
Power Supply Sensitivity V+ = 5V +10% Over Allowed Input Voltage - 11/16 +'lg LSB
Range
CONVERTER SPECIFICATIONS V+ = 5V, 0°C to 70°C and fg| k = 640kHz, Unless Otherwise Specified
Total Unadjusted Error
ADCO0803 VRer/2 Adjusted for Correct Full Scale Reading - - 11/2 LSB
ADC0804 VRep/2 = 2.500V - - 1 LSB
VRef/2 Input Resistance Input Resistance at Pin 9 1.0 1.3 - kQ
Analog Input Voltage Range (Note 3) GND-0.05 - (V+) +0.05 Y
DC Common-Mode Rejection Over Analog Input Voltage Range - 11/8 :1/4 LSB
Power Supply Sensitivity V+ = 5V +10% Over Allowed Input Voltage - t1/16 11"8 LSB
Range
AC TIMING SPECIFICATIONS V+ = 5V, and Tp = 25°C, Unless Otherwise Specified
Clock Frequency, fork V+ = 6V (Note 4) 100 640 1280 kHz
V+ =5V 100 640 800 kHz
Clock Periods per Conversion (Note 5), 62 - 73 Clocks/Conv
tconv
Conversion Rate In Free-Running Mode, CR | INTR tied to WR with CS = QV, fg = 640kHz - - 8888 Convis
Width of WR Input (Start Pulse Width). TS =0V (Note 6) 100 - - ns
YWOAR)!
Access Time (Delay from Falling Edge of | Cy = 100pF (Use Bus Driver IC for Larger Cr) - 135 200 ns
RD to Output Data Valid), tacc
Three-State Control (Delay from Rising Cp = 10pF, R = 10K - 125 250 ns
Edge of RD to HI-Z State), t44, ton (See Three-State Test Circuits)
Delay from Falling Edge of WR to Reset of - 300 450 ns
INTR, twy. try
Input Capacitance of Logic Control Inputs, - 5 - pF
Cin
Three-State Output Capacitance (Data - 5 - pF
Buffers), Cout

3 intersil
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ADC0803, ADC0804
Electrical Specifications (Notes 2, 8) (Continued)
PARAMETER I TEST CONDITIONS I MIN TYP MAX UNITS

DC DIGITAL LEVELS AND DC SPECIFICATIONS V+ =5V, and Ty to Tpax. Unless Otherwise Specified

CONTROL INPUTS (Note 7)

Logic “1" Input Voltage (Except Pin 4 CLK | V+=5.25V 20 - V+ V
IN), ViNH

Logic “0" Input Voltage (Except Pin 4 CLK | V+=4.75V - - 0.8 \
IN), ViNL

CLK IN (Pin 4) Positive Going Threshold 27 3.1 3.5 \,
Voltage. V+g Lk

CLK IN (Pin 4) Negative Going Threshold 15 1.8 21 \
Voltage, V-c

CLK IN (Pin 4) Hysteresis, V4 0.6 1.3 2.0 \
Logic “1” Input Current (All Inputs), |nni | VinN =5V - 0.005 1 pA
Logic "0” Input Current (All Inputs), yLo | Vin = 0V -1 -0.005 - HA
Supply Current (Includes Ladder Current), 1+ | fo k = 640kHz, T = 25°C and CS = HI - 1.3 2.5 mA
DATA OUTPUTS AND INTR

Logic “0" Output Voltage, Vor lo=1.6mA, V+ =475V - - 0.4 \
Logic “1” Output Voltage, Vo lp =-360pA, V+ = 4.75V 24 - - \
Three-State Disabled Output Leakage (All | Voyt = 0V -3 - - UA
Data Buffers), Lo Vout =5V 3 T 3 A
Output Short Circuit Current, IsguURCE VouT Shortto GND, Tp = 25°C 4.5 6 - mA
Output Short Circuit Current, lsiNk Vourt Shortto V+, Tp = 250C 9.0 16 - mA

NOTES:

2. All voltages are measured with respect to GND, unless otherwise specified. The separate AGND point should always be wired to the DGND,
being careful to avoid ground loops.

. For Vi 2 Vings) the digital output code will be 0000 0000. Two on-chip diodes are tied to each analog input (see Block Diagram) which will
forward conduct for analog input voltages one diode drop below ground or one diode drop greater than the V+ supply. Be careful, during testing
atlow V+ levels (4.5V), as high level analog inputs (5V) can cause this input diode to conduct - especially at elevated temperatures. and cause
errors for analog inputs near full scale. As long as the analog Vi does not exceed the supply voltage by more than 50mV, the output code will
be correct. To achieve an absolute OV to 5V input voltage range will therefore require a minimum supply voltage of 4.950V over temperature
variations, initial tolerance and loading.

4. With V+ = 6V, the digital logic interfaces are no longer TTL compatible.

5. With an asynchronous start pulse, up to 8 clock periods may be required before the internal clock phases are proper to start the conversion process.

w

6. The CS inputis assumed to bracket the WR strobe input so that timing is dependent on the WR pulse width. An arbitrarily wide pulse width will
hold the converter in a reset mode and the start of conversion is initiated by the low to high transition of the WR pulse (see Timing Diagrams).

7. CLK IN (pin 4) is the input of a Schmitt trigger circuit and is therefore specified separately.

8. None of these A/Ds requires a zero-adjust. However, if an all zero code is desired for an analog input other than QV. or if a narrow full scale span exists
(for example: 0.5V to 4V full scale) the V(. input can be adjusted to achieve this. See the Zero Error description in this data sheet.

Timing Waveforms
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a, SEMICONDUCTOR  Line-Powered RS-232 Transceiver Chip

FEATURES

»  Low-power serial transmitter/receiver for
battery-backed systems

= Transmitter steals power from receive signal
line to save power

»  Ultra-low static current, even when connected
to RS-232-E port

»  Variable transmitter level from +5 to +12
volts

»  Compatible with RS-232-E signals

»  Available in 8-pin, 150 mil wide SOIC
package (DS275S)

= Low-power CMOS

ORDERING INFORMATION

DS275 8-pin DIP
DS2758 8-pin SOIC
DS275E 14-pin TSSOP
DESCRIPTION

DS275

PIN ASSIGNMENT

RXour [ 1 8 [ Vee
Vers [ 2 7 [ RXw
™w[] 3 6 [INC
GND[] 4 5 [ Tour

DS275 8-Pin DIP (300-mil)
DS§275 8-Pin SOIC (150-mil)

RXeyr O 1 14 Ve
NC [ 2 12 NG
Vory [ 3 12 [ANC
NC [ 4 11 [ARXin
TXn[] 5 10 [ONC
NC[ o v [NC
GND [ 7 8 FATXour

DS275E 14-Pin TSSOP

PIN DESCRIPTION

RXour - RS-232 Receiver Output
Vry - Transmit driver +V

TXin - RS-232 Driver Input

GND - System Ground (0V)
TXour - RS-232 Driver Output

NC - No Connection

RXin - RS-232 Receive Input

Vee -System Logic Supply (+5V)

The DS275 Line-Powered RS-232 Transceiver Chip is a CMOS device that provides a low-cost, very
low-power interface to RS-232 serial ports. The receiver input translates RS-232 signal levels to common
CMOS/TTL levels. The transmitter employs a unique circuit which steals current from the receive RS-
232 signal when that signal is in a negative state (marking). Since most serial communication ports
remain in a negative state statically, using the receive signal for negative power greatly reduces the
DS275"s static power consumption. This feature is especially important for battery-powered systems such
as laptop computers, remote sensors, and portable medical instruments. During an actual communication
session, the DS275°s transmitter will use system power (5-12 volts) for positive transitions while still

employing the receive signal for negative transitions.

1 of 8 112299
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DS275 BLOCK DIAGRAM Figure 1
Vorv [

voc 'J\

X

>G {5 TXour

X Z

NEGATIVE
CURRENT

Gno O I SWITCH

AXoyt <} Cﬁ < RXin
OPERATION |

Designed for the unique requirements of battery-backed systems, the DS275 provides a low-power half-
duplex interface to an RS-232 serial port. Typically, a designer must use an RS-232 device which uses
system power during both negative and positive transitions of the transmit signal to the RS-232 port. If
the connector to the RS-232 port is left connected for an appreciable time after the communication
session has ended. power will statically flow into that port, draining the battery capacity. The DS275
eliminates this static current drain by stealing current from the receive line (RXiv) of the RS-232 port
when that line is at a negative level (marking). Since most asynchronous communication over an RS-232
connection typically remains in a marking state when data is not being sent, the DS275 will not consume
system power in this condition. System power would only be used when positive-going transitions are
needed on the transmit RS-232 output (TXour) when data is sent. However, since synchronous
communication sessions typically exhibit a very low duty-cycle, overall system power consumption
remains low.

RECEIVER SECTION

The RXin pin is the receive input for an RS-232 signal whose levels can range from %3 to +15 volts. A
negative data signal is called a mark while a positive data signal is called a space. These signals are
inverted and then level-shifted to normal +5-volt CMOS/TTL logic levels. The logic output associated
with RXiN is RXout which swings from +Vee to ground. Therefore, a mark on RXiN produces a logic 1 at
RXour; a space produces a logic 0.

The input threshold of RXin is typically around 1.8 volts with 500 millivolts of hysteresis to improve
noise rejection. Therefore, an input positive-going signal must exceed 1.8 volts to cause RXour to switch
states. A negative-going signal must now be lower than 1.3 volts (typically) to cause RXour to switch
again. An open on RXiNis interpreted as a mark, producing a logic 1 at RXour.

TRANSMITTER SECTION

TXiN is the CMOS/TTL-compatible input for digital data from the user system. A logic 1 at TXiN
produces a mark (negative data signal) at TXour while a logic 0 produces a space (positive data signal).
As mentioned earlier, the transmitter section employs a unique driver design that uses the RXi line for
swinging to negative levels. The RXiN line must be in a marking or idle state to take advantage of this
design; if RXinis in a spacing state, TXour will only swing to ground. When TXour needs to transition to
a positive level, it uses the Vorv power pin for this level. Vorv can be a voltage supply between 5 to 12

20f8
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DS275
volts, and in many situations it can be tied directly to the +5 volt Ve supply. It is important to note that
Vory must be greater than or equal to Vecat all times.

The voltage range on Vorv permits the use of a 9-volt battery in order to provide a higher voltage level
when TXour is in a space state. When Vec is shut off to the DS275 and Vory is still powered (as might
happen in a battery-backed condition), only a small leakage current (about 50-100 nA) will be drawn. If
TXour is loaded during such a condition, Vorv will draw current only if RXin is not in a negative state.
During normal operation (Vce=5 volts), Vorv will draw less than 2 uA when TXour is marking. Of
course, when TXour is spacing, Vory will draw substantially more current— about 3 mA, depending
upon its voltage and the impedance that TXour sees.

The TXout output is slew rate-limited to less than 30 volts/us in accordance with RS-232 specifications.
In the event TXour should be inadvertently shorted to ground, internal current-limiting circuitry prevents
damage, even if continuously shorted.

RS-232 COMPATIBILITY

The intent of the DS275 is not so much to meet all the requirements of the RS-232 specification as to
offer a low-power solution that will work with most RS-232 ports with a connector length of less than 10
feet. As a prime example, the DS275 will not meet the RS-232 requirement that the signal levels be at
least +5 volts minimum when terminated by a 3 kQ load and Vpry = +5 volts. Typically a voltage of 4
volts will be present at TXour when spacing. However, since most RS-232 receivers will correctly
interpret any voltage over 2 volts as a space, there will be no problem transmitting data.

APPLICATIONS INFORMATION

The DS275 is designed as a low-cost, RS-232-E interface expressly tailored for the unique requirements
of battery-operated handheld products. As shown in the electrical specifications, the DS275 draws
exceptionally low operating and static current. During normal operation when data from the handheld
system is sent from the TXour output, the DS275 only draws significant Vory current when TXour
transitions positively (spacing). This current flows primarily into the RS-232 receiver’s 3-7 kQ load at the
other end of the attaching cable. When TXour is marking (a negative data signal), the Vorv current falls
dramatically since the negative voltage is provided by the transmit signal from the other end of the cable.
This represents a large reduction in overall operating current, since typical RS-232 interface chips use
charge-pump circuits to establish both positive and negative levels at the transmit driver output.

To obtain the lowest power consumption from the DS275, observe the following guidelines. First, to
minimize Vory current when connected to an RS-232 port, always maintain TXivat a logic | when data is
not being transmitted (idle state). This will force TXour into the marking state, minimizing Vorv current.
Second, Vorv current will drop to less than 100 nA when Ve is grounded. Therefore, if Vory is tied
directly to the system battery, the logic +5 volts can be turned off to achieve the lowest possible power
state.

FULL-DUPLEX OPERATION

The DS275 is intended primarily for half-duplex operation; that is, RXiN should remain idle in the
marking state when transmitting data out TXour and visa versa. However, the part can be operated full-
duplex with most RS-232-E serial ports since signals swinging between 0 and +5V will usually be
correctly interpreted by an RS-232-E receiver device. The 5-volt swing occurs when TXour attempts to
swing negative while RXiv is at a positive voltage, which turns on an internal weak pulldown to ground
for the TXour driver’s negative reference. So, transmit mark signals at TXour may have voltage jumps
from some negative value (corresponding to RXm marking) to approximately ground. One possible
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DS275
problem that may occur in this case is if the receiver at the other end requires a negative voltage for
recognizing a mark. In this situation, the full-duplex circuit shown in Figure 3 can be used as
analternative. The 22 UF capacitor forms a negative-charge reservoir: consequently, when the TXD line is
spacing (positive), TXour still has a negative source available for a time period determined by the
capacitor and the load resistance at the other end (3-7 kQ). This circuit was tested from 150-19,200 bps
with error-free operation using a SN75154 Quad Line Receiver as the receiver for the TXour signal. Note
that the SN75154 can have a marking input threshold below ground; hence there is the need for TXour to
swing both positive and negative in full-duplex operation with this device.

HANDHELD RS-232-C APPLICATION USING A STEREO MINI-JACK Figure 2

| y |
l -/ {
TILACMOS ; STEREOQ MINHPHONO PLUG
: oATA OUT (CF————{] R¥our Ved FeE |
] Vorv R
| TIUGMOS 1 e nd
| DATAIN
| rc GND TXour, 3—“ RS-232 OUT l\
| | STEREO JACK (TO SAVE SPACE)
|

C A A iy, St Yoo NN L = GUSTOM CABLE
HAND-HELD INSTRUMENT

25-PIN TO RJ11 ADAPTOR (1

+5V

TTLCMOS -
DATAIN
PC SERIAL
PORT
(pB-25)
TTUCMOS fa!
DATA OUT |

NOTE:

The capacitor stores negative charge whenever the TXD signal from the PC serial port is in a marking
data state (a negative voltage that is typically -10 volts). The top DS275"s TXour uses this negative
charge reservoir when it is in a marking state. The capacitor will discharge to 0 volts when the TXD line
is spacing (and TXour is still marking) at a time constant determined by its value and the value of the load
resistance reflected back to TXour. However, when TXD is marking the capacitor will quickly charge
back to -10 volts. Note that TXD remains in a marking state when idle, which improves the performance
of this circuit.

ABSOLUTE MAXIMUM RATINGS*

Vee -0.3 to +7.0 volts

Virv -0.3 to +13.0 volts
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DS275
RXIN +15 volts
TXiN -0.3 to Ve + 0.3 volts
TXour =15 volts
RXour -0.3 to Vee+ 0.3 volts
Storage Temperature -55°C to +125°C
Operating Temperature 0°C to 70°C

* This is a stress rating only and functional operation of the device at these or any other conditions
above those indicated in the operation sections of this specification is not implied. Exposure to
absolute maximum rating conditions for extended periods of time may affect reliability.

RECOMMENDED DC OPERATING CONDITIONS

PARAMETER SYMBOL | MIN | TYP MAX UNITS NOTES
Logic Supply Vee 4.5 5.0 55 V 1
Transmit Driver Supply Vory 4.5 5-12 13.0 \ 1
Logic 1 Input Vi 2.0 Veet+0.3 \% 2
Logic 0 Input Vi -0.3 +0.8 \
RS-232 Input Range (RXin) Vs -15 +15 Vv
Dynamic Supply Current
TXm = Vee prvi 400 800 HA

l(j'(j‘] 40 100 ].lA 3
TXin=GND Iprvi 3.8 5.0 HA

lee 40 100 HA
Static Supply Current
TXin = Vee Iprva L5 10.0 LA
TX[N 5 (JND I]‘)R\'j 38 50 n]A

leer 10.0 20.0 HA

Driver Leakage

Current (Vec=0V) Ipryvs 0.05 1.0 LA 5

S5of8
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DS275

DYNAMIC OPERATING CURRENT
TEST CIRCUIT Figure 4

+5V +12V

‘cc1+ l $lDﬁV1
*‘iv Vee VoRv
O ™ TXour
g B=0K C = 2500PF
O— rxour RXm
v
GND PULSE
+15V
VpPuLse — 15V
1
i A psec

slew rate < 30V/ usec

STATIC OPERATING CURRENT
TEST CIRCUIT Figure 5

+5V +12v

| |
(fls N
+5V Vee VpRv
b
o T TXour

~15V

O—1 RXour P¥i

GND
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DRIVER LEAKAGE TEST CIRCUIT

Figure 6
+12v
Vee Voav
™in  TXour
6———‘ RXgur RXiN
GND

i'nnva

(O -Sto-15V
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DS275
PROPAGATION DELAY TEST CIRCUIT Figure 7
+5V +5V
Ice IpAvt
*\ \# L 20V ——
Vee VpRv
0.8V
™"y O—1 T TXout
R= 3K C=50PF
VonH
g TXout
Vom
O— RXgur RXiN O
o 0.8Vgmxr ~ YorXu
6 S Oty
DS275E 14-PIN TSSOP
e ip : 14-PIN
N DIM AN [ MAX
A MM
TALMM |
A2 MM
£ T B MM
C MM
& D MM
E MM 4.40 NOM
el MM 0.65 BSC
i N AAAARS G MM 0.25 REF
HMM | 6.25 6.55
— SN _{ o L MM 0.50 0.70
vjm )i | Ui = phi 0° g0

0 | e
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