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ABSTRACT
Electrokardiogram (EKG) is importance in medical technology.
Because doctor can diagnose heart condition of a patient by analysing EKG. So it
is suitable to develop the EKG measuring by interfacing it with computer via
telephone line through PA-MA12(-H) card. The card is the a controller of data

transmission and displays EKG while measuring.
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lu NNIABINY QRS complex

Uwave (iU deflection 107 1fanumds T wave Uniliifeony dnyazdig i
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2.4 TLUUYIAB(Lead System)
I\ T 2 4 Z
Unfind uldihialeiudinnndinouensumedunas wvesnau IMfints
4 ; 1 1 L -~ o (.4 : -
nuanifavu hudazisadvesnduuiionls lunuadiantuiindna IMfhiidasn
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sruuadeviiageata BidaTnsamigezeglumnn Ifhiidisensinitale
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wuviresiavades  BidaTnsataniissgnadreldtismdnar Infuugud
o S 4 v z
36071 indifferent electrode BidA Inzadnvantlssziiuindnm Ihedrauysalifiveds
- - ’ .
ABATVAN exploring electrode
.. o J [ [ ] - A L -5
fuhnagnmshilbalumaiinrudh lviuadu i lanundin fio

a

e e ) - A \ 1
exploring clectrode fluAadadulsfismavesndy  eglummdidnar thduuan



16
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i do r . : i 4
paumiuiin1desinuu  (upward deflection) degluaumidnar i uduaundui
o of al - v .

Tuiin 1Assiifirmiaan (downward deflection)
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nmfuiinadu It Tagenuysal fomiuiindae 12 ¥9d0 dead) Usznoudao
N S A d AT 1 '
UYUY1 6 ¥IAONI N8N 6 Yane tienveIMid lsdhwuvadededu lSoufiousane
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' d
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1l 29 urAsszuuANY vesinudanlFousugmsnszuen

v
U
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Lead [ Jufinanudndnar Ithsendnuvuen o) fuuvudio @)

Lead I tufinanudndnm Idhszuhavuvn ¢ fundio
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31 Einthoven triangle (3 2.10 A) Taviiialvegiiluguinatsvssmumaoy Faidnm
'lvlﬂuﬂuﬁutf AMAQYEN Einthoven 914NN UTIEHIN Lead T, I uae I 1§
MR

Lead II = Lead I + Lead INI

Vs T MIN P wave 11 Lead I 9214 P wave i qagadandu
P Y89 Weamt Lead Sutinimua
Fareuvunyiiataie (Unipolar Limb Lead)

Usznouda03ds aVR, aVL uny avE Tufimanlfounlasndulnihly fooul
plane nimﬁmﬁmf'zdammpmww1 Wilson HudRadimiuiiniliu Taodauas
NWINAQYES Einthoven 7191 Lead I + Lead IT-FMAY Lead IT ozt Lead I, I uag
I wdeiuiulesia namuﬁ'nm'lviﬁmﬁ’:’a'lé’iwwhf'mﬁmf wilson 18iineesiin

il indifferent electrode Tau1viyo3n Central terminal of Wilson HagIN exploring

» »
- o J
electrode uuuvuniovivalatanils
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4 & > a 2 S .
31N 2.10 UAANIABIATIUUVUVT (A), VIRBUIUNIVIATURS (B), HazUIRENIT 3

[ 4
J ® o
8N (C) QAATHAAIDY Vector i lmatiudinldnaily upward deflection

VR exploring electrode BYUMIYUY

VL exploring electrode aq'uuuw%'w

VF exploring electrode aq'uum%’w

Snus v uaadliifiudi dudadesiiataiier Taod Wilson terminal 1y
reference electrode

Tuszuunstiufingananil fnmiihitialdeed denndeldimsdauosTas
AaaBidnTnIAen central terminal voANTITe uFauiindna I sz indarouvy

4 ° - o o - J ] 3 ] -
vimds Mdamuusavesdna i miusin 1dmudwiiy 1.5 viwesdade v Una
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FunszuumstiuiinInaiiidn augmented unipolar system 190nN3te “a” nlszneumily

aVR, aVL uaz aVF (31U 2.10 B)

euKauNYeY Einthoven 1 mznsnﬁmﬁ'ﬂuﬁlﬂuﬁazfndaé’af’i’uﬁqaﬁmaw
Zero reference point) TagiivhIMunuvestun/doumlas svoonu1lugUues miaxial
reference system of Bayley uazdnhiadouvuvisiiadadionnsimdady  iaxial
reference system szoANUiUFUEUATY 6 [Fudaduiondt hexaxial system A

g lunmbwmmunu Ifhueatale ¢ zﬂﬁ 2.11) -

A AN BN
M-

] ] : ¥

T 2.11 A ainGouduin1ued Einthoven UHAMALYBITIADMIATFILIVUYY Lead
P o o & & o

LI uaz I Tasigaguinaninials B. uamunuveadidsnasgiuuvuyy sdun
o o J
ARNUNYA

4 - ﬂ “ ., . I a & u
guonanvesmumdouilugl “riaxial” C. umRmAUYBINIRBIVNIYIAYIRST D.

» 1 4 »

HARIMITWUNUYBIIIRBNATI UV UV AT TIdBIv U Tiiat IR uddeiy  sen

wuilugy) “hexaxial”
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' . a

¥3INaNTN8N (Precordial Lead 138 Unipolar Chest Lead)
» »
o 1 e ) > .
WMuszsuuiadevifvs FuiinmswaouuladInfilu borizontal plane Taol#
[ d ' 1 J ’ 4 * y
exploring electrode TNUUAMMUIANG YuNTNLn (U7 2.10 C) Asde il
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. Ay _.d
V, Y033 1A3aM 4 Auvavesnszgnen
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J 4 1
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v 4 4 )
Vv, ¥03F 1337 5 asauuaninanvesnszanlmlmirdhe

" - P L4 o 4 Q . .
V, ¥0% 1330 5 assuuaveuntveainuddne Qeft anterior axillary line)

1] 1 J J g
v, ¥03% T30 5 Tuuuanananinuddne deft mid-axillary line)
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ol
-
= )
S
%l
ER
=
24
214
S
<y

|
i
18
=1
8
%I
o
2
P
zI

Mid - Claricutar line

J - ? \J : ?
Ilhfl 212 HAAAMINUIA NG YBINITTNYIRONTNON

- . . v a <
MIuBHiAeT (monitoring) ll0lunesAuae19ld Lead 1A Lead ity lu 12

'JA “~ J [ 4
Lead uaniiouldiufio modified chest lead ¥03 V,(MCL) Fumliemnsariunsm
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nsosianduTiinia1e n3e electrocardiogram (ECG) Realiqumuiadads il

3.1.1 8RNIV
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¥ ]
vowludnyas common mode AMuAGIUTUNIUTIINTITINgT IO NTYNYBIILS
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3.1.2 A1 CMMR (Common Mode Rejection Radio) g
Common Mode Rejection Ratio fio 8as1dIuseninmidivoovss
Foyaafiily differential mode AsMdsvonovesdayanuiiiu common mode #1 CMRR

d’ ﬂ LT 4 ' o °o v w
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fledealidasvoiovosdyg i differenial mode g4 uariidanvmovsdyg w
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rdodvsedygalusinnudidld Tavfidygra Bifafoy 2afildsidoaduaes
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FLOATING AMPLIFIER
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3.2.1 ‘Nowma&'ammuuuﬁuan;mui"u (Instrumention Amplifier)
Instrumention Amplifier xﬂu’msfwuwa?uN%ﬁﬂeﬁﬂé’nnmwuw
o3y g 1NN Buffer Amplifier sl Input Impedance g4 tauAgygIUTignues
mtfuezﬁﬁammmmmm'lﬂr’hﬁ’m AssuseduATNd 50 Hz thundae Aafuleesi
19z 1¥m5exifunuy Differential Amplifier ioaadgyanUsunU R nilga sz
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8.2.2 39930389A1NDAY (50 Hz Notch Filte)
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d.J : J i ] 14 ." [ 4 : « d'd " L .’
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3.2.3 29use0UTd Mlidla (Opto Couple)
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8.2.4 1VINBAYPAYH (Modulation)

¥ .
11429937119 Phase lock loop 107 1MC4046 mulu 1MC4046 dufichdgey
DIt IUAD Phase Comparator 1A Voltage Control Oscillator (VCO) VCO 15142993
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.I/P 100K 9
S—ANN—"
g| LHctote
c l . 12
T
VRl A2
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3.2.5 2sonmiineduentdlvd (Power Amplifier)
Tunsiezdedynundulifivials &oo) mumeTmdmiiumnsuilufie:
Foaldoudggra i Il udygradsudotoudtos: Wi dygandoaturinud
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o

Eﬂ‘ﬁ 3.6 7393 Power Amplifier
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8.2.6 . 2303 InuATAAIABY (Tone Decoder)
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mn'mnzxﬁu'i'l ﬂ'ﬁﬁ‘wl OUTPUT FM DEMODULATOR %8¢ PLL ﬁ'us:?n
4 . i
80AINYT 10 unuNsziily OUTPUT w04 PHASE DETECTOR Amgunnan
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3.2.8 29030709RIWBA (Low pass filter)

9107383 DEMODULATOR fut‘n’aﬁﬁmmmvoqarrierﬁﬂaq'tfuuﬁqﬁmm
m':n:mﬂﬂu?;ﬁﬁmmmfuaanm f‘fnfuuﬁwfm'li'ne:mmﬂﬂuﬁémvu Low
pass Filter #t0zvonlidgyganmidani 200 Bz iR daudygrasuniy sy
anfdaeen lhassuaasdagyl 3.12

I/e

P o3
zﬂ‘ﬂ 3.12 NITATOINNUAAT Low pass Filter



-t v -
unn 4 MIVUNNRA

msflesiufindyga Ece Aldnnania  Fulludygna analog 1518z
Fonhdygraiilindoudy Digia @odou ﬂnmfuﬁqﬁﬁ'q;npmf:‘ldﬂs:um
walucomputer Ssarunsaifiudoyavssdygu ECG ff'luzﬂum file

dmumaulasdygnunn analog Tiiludyear Digital 1818003
fiundnanalog to digital converter TmsAoudygyw s nzdoani
Fygaii Tdcomputer Fnuimtszdosiing Tnterface Tauidon1¥niia PA-MA 12
) ¥03u5nAcquiek Fsfinnennsolunsilasdygnor analog Wiiludygnu
digital @20f1Sampling Rate ‘?iqamﬂ(qaqa 100 Khz) uazdannsafiuany
aziBoavasdnynesTugilues Digial 14gade 12 bit mnndimdarialal 8 bie uazds
ans018n15 Interface  Foyaldnaiods  aunsoldms transfer doyauuu DMA

»
(Direct Memory Access) Magaiuou Tsunsunauguaiialdde

8255 8254  DAC VRS VR4 VA3 VR2 VA1 JP8 P9
sy TP H s g | —
NIRRT e N Sy
JP13 -
lJPH Jr2 Kt {:} mTPZTP:' s

ps _AOC  JPs

com = B ]

U ﬂ 0C:oC A MUX
| - f - ]

CoM3 CC2 ¥ M e I_LB‘I

CON4
A (3 I
7UM 4.1 AR MUY Jumper molumia PA-MA12(-H)

o 3 ﬂ' J * o o 4

Aniudndenhduduisniie (5WBNNIAT Interface MFA PA-MAI2(-H)
¥ o & -4 J d’
WINUATEY  Computer 1dunsu (lulnssnuiiinldComputer uuu AT  Tasns

} 4 .
InstallationmiaiisuBan1s  tansfr  doyaiuannsamiaundnlngq 1dfe
Hardware 116 Solfware
[ »

foufissAananionIunumia PA-MAI2CH) 13198ABINTUIMdnNaZYDl
. 4 . : 4 d
dygraiuseniudnmiadoion  oflezamsn  set configulation ¥8ansald



35

\ : b o Ju y
sangnasaluTassnuiindsnnunedygna Ece Miallfoufeoudy  wwzld

»
dygnuiifiuuuy single ended Inputdmiumia PA-MACH) juuuulumsiiud
min

i

v+ O
GNDO————F—

O O O (¢
LI
o
2z
(]

O O 0O

CON4

« ° & 2 $
UM 42 uaaamsihdygauuy single ended 19790154

iiesndyana Ece Hdnvartannsodmuiuauld 15133304 Tnput
WU unipolar AauMIRARIMTASERDIIAYT

4.1 Hardware Installation

411 @00 1O port address SINNSAIMOUADN VO address fidaireeglu
PCin 19y address MiaSusudond address 260-26F

» [ °
M7 set N353 address @WALTIN set W didpansifion address
[ aast v
R20A 21833571 (X 10H-XFFH)



e,

“ﬁ LR {‘,{mﬁg B

B A 9 8 7 8 5 & Address =t Address =0
Configuration A Configruation B

Factory Set: 250 - 25FH

All=al AQT =1
Al0=0 AOS =1
AD9=1 AOS =1
g 0 + 0 1 T 1+ 0 AC8=0 AQ4=0

31N 4.3 uAAINTT set address 71 Jumper JP7

A o ' e P
4.12 M3iden interrupt channel INBNINUAYDIAYY WU Interrupt request X3

1 4
PC 3:iivod IRQ iidon 15 ¥o3 udazvealdnudail

RQ Address Description Detected Handled By
0 0C3C : 1875 Timer Clock Yes Biock Device
1 0C3C: 1923 Keyboard Yes Block Device
2 0433 : 0057 Second 8259A Yes Defaukt Handless
3 0433 : 00GF COM2 : COM4 : CcoM2: Default Handicss
4 0433 : 0087 COMI : COM3 : coMl: Defaukt Handless
5 0433 : 009F LPT2: NO Default Handless

"6 0433 : 00B7 Floppy Disk Yes Default Handless
7 0070 : 06F4 LPTI ) Yes System Area
8 0433 : 0052 Real - Time Clock Yes Default Handless
9 F000 : EC3D Pedirected IRQ2 Yes Bios

10 0433 : 00CF (Reserved) Default Handlezs
1 0433 : 00E7 Reserved) Defauit Handless
12 0433 : 0OFF Reserved) Defaukt Handless
13 F000 : ECA6 Math Coprocessor Yes Bios

14 0433 : 0117 Fixed Disk Yes Defauk Handless
15 0433 : 012F (Resesved) ' Default Handless

*** UBININ IRQ Status 910 T1lsunsuly DOS (MSD.EXE)

AINN 4.1 UTAY address Y01 IRQ tazusnms1Fuvsudas IRQ
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J.’ W 3ad o
13uden Interrupt NGB luRTiGen RQ 10 Tasli3T set Azl

Intercupt = IRC12

ln(errup( = IRQ11 !n!enupt = IROIO
.- .,cx vc. 'a > .
l | " §k’x 3 } "l ‘”‘
lntelrupt = {RC7 Interrupt = IRCS

nterrupt = 1RO3 Interrupt = 1RC2 NQ interrupt
d R
JUN 4.4 UAAINIT set Interrups reques 1AY set AN JP3

413 m3ifion DMA channel 1104910015 transfer Soyaemniodsdoyald
ABAUBABUUY byte UALUUY word

- byte 9LANUISTQ transfer YoyalATIAL 8 bit

-l word $TAWII0 transfer YoYalANAL 16 bit

aufums wanster doyail doyauuy 12 bit §1 transfer VY byte 1519¢ADA
transfer Yoya 2 AFalu 1 fidoxya 61 transfer 4UY word 1319218013 transferfoya
Woa 1 afalu 1 afoyn UAMY transfer (Y word AT 19EABIISAY computer
WY AT ninfuns transfer Yoyauvy wprd Tauion DMA channel sziden
channel 1&1if¢achannel 5,6,7 1ﬁ11fu=‘§aﬁ$‘ﬁ'xﬁanﬁqzﬂ



.. .—bjl

(Not Available for ;
PCand PC-XT)

‘; BRRRRERRESS

I IR ERAE AR

‘!U- : st ﬂ-ﬂ: . ‘M OMA Channel 0
T

7 6 3
=Y a =
mf--ﬁ”r A
.’ | ‘j " 11 ‘l! I —} 3' " OMA Channet 1
! ud_&‘\ !
|
T 1

:3‘52 'ﬁJ ; —B—‘] E c‘i;' ?:‘_131 OMA Channel 3 5
\;—ﬁ‘l ?}j:ﬁr ‘? Fﬁj\£?ﬂ‘1@’-ﬁl—m OMA Channel 5

{Not Avallable for
5
R BRETRR A gﬁ
\]_‘ Lﬂ_ﬁ i Lt !aﬂ_,,!
m r»c I.‘ v\t i

PC and PC-XT) i
: %’i i
i i
i 4 1 L OMA Channet 6

ﬁ (Not Availab!s for
PC and PC-XT)

w 7 6 S 3 1 0
TERABARARARAL |
ub b Pt bty W wt b AR R
\j f| i J}J}‘ﬂjﬂl i Ll “& OMA Channel 7
I - J {Not Available for
W 7 & S 3 1 o] PCand PC-XM) '

P
717 4.5 UARINTT set DMA channel 10 set JP12

4.1.4 Wi4NINIABR DMA channel UL word d518B4 set 1 Data length

Withuuuy word #2635 set Aag)l



’re Compuier Slet Data leagth
Configsxatioa B 8083(PC/XT) Any slot Bye
80286(PC-AT) [  Anysiot Bye
80386 or Asny slot Bye
80486 e
Coafigaration W 8088(PCXT) Any slot N/A
80286(PC-AT) 8 bit slot N/A
16 bit slot Word
80386 or 8 bit slot NA
80486 16 bit siot Byte
Configuration A 8088(PC/XT) Any slot Byt
80286(PC-AT) 8 bit slot Bye
16 bit slot Word
80386 or 8 bit slot Byt
80486 pc 16 bit slot Word

4 a &
~ATT AN 4.2 HAAY configulation ﬂﬂiﬂ‘liﬂﬂﬂﬁﬂﬁlﬁ

= FQ 'Q - E — = \:f::. P P =

S, ,'l - : = i l’ : ! B
al | o H l‘
Ul \ (’ !

11
T AT XT AT AT
Configuration 8 Configurarion A Configuration W
Byte Transfer Automatic Word/Byte Word Transfer

Transfer Selection
(Factory Set)

11N 4.6 na@Ins serguliuy data Tao set JP4
4.1.5 Miden Input type yendonlilly single ended 1138 set Aag1l



o
o) ; ZhEEaNCAY
i

OiF  SIN -DIF  SIN
A/D input : Differential A/D Input : Single-ended

31U 4.7 uaraIns set Input type 1a019n17 set JP9
4.1.6 1a9n Input range 10011 Voltage gaganazdganszidimiaiiiaun

»
TsuasIMliAmuy bipolar Aoling. + iaz - TaelWll Voltage rang -5 +5 33015 set

UAAIAIAIRIIN
Fanper  Setting Analog o Digial
Ps Jpe Jps Conversion
Jumper pin gpin Voltage Raoge
10V Unipolar don t care N/A
Bipolar Not Tnstalled 1 -10 TO +10V
sv Unigolar Position 6 User User define(R14)
Position § %) 0t0 +0.25V
Position 4 20 00405V
Position 3 10 0wV
Position 2 5 0o +2V
Position 1 2 0 to +5V
Not Installed 1 0t +10V
Bipolar Position 6 User User define(R14)
Position § 58 410+0.1V
sv Bigolar Position 4 20 025 10 4025V
Position 3 10 0.5 1o +0.5V
Position 2 s 1o +1V
Position 1 2 25 10 42.5V
Not Instafled 1 S0 +5V

AITNTN 4.3 UAAIMINT set IP A lumiTi



8P UMl 8P UM

- . A/D Range : Bipalar *  ADRangs : Unipofar
-0 Y AT
| |
N E— e
sV v sV 1oV sV Qv
JPs A/D Range : SV A/D Range : 10V

3UM 4.7 N3 set Voltage Rang Tad set IPS une Ip6

RARE AT
:ﬁp,::ga ;\@ “—L’\

mmwﬁmw

il

1%
Gdﬂ WD-W

71N 4.8 UBAINTT set Input gain TAY set IPS

A o o ‘ L 3 o *
4.1.7 devimsdemedygyadiiy connccter vosmiatmhdygnauig
n15a14gndBea solfware AUy
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’ Single-anced A0 UP
// Ditterential AD UP \\

19 f50
Ground C37) 37 ACO (+] ADO (+)
AC8 {+]  ADO () 18 180
Q36 36  AD! {+) AD1 (+)
ACY (+)  AD1 () 17 170
. O3s{ 35 AD2 (+) AD2 (+}
ACIO(+)  AQ2 () 16 )50 . ’
034 34  AD3 (+) AD3 (+)
AD11(+)  AD3 () 15 1s0
033} 33 AD4 (+) AD4 (+)
AD12(+)  AD4 () 13 130
AD13{+) A 13 30 o33 32 A05 (+) A0S ()
] ~ A0S ) 031l 31 ADS (+]) ACS (+)
ADV4(+) " ACs () 12 1o
030 30 AD7 (+) ADT (+)
ADIS(+)  ADT () 1" no
\ c29] 29
. 191990 ool 2
9 5 O
Q27 2T
8 BO .
b o P =
25
oo =
\ © oz 23
YOP% 0 2
4 E © oal 21
i 2 2 0
DIAGND  DIAGMD 1

w 20 OrA o}

A L s
3171 4.9 1AAIAWNUL pin Y8 connecter YOINTA PA-MA12(-H)

4.2 Solfware Programming
Y - ® - .’l ¢ - [ 4 ° i A o

ndwnihnsasdamiadoudoouds desnimsitiouTdsunsuinenss
MMINWAUMT  transfer  ToyauazAsatoulisunsulunms Inteface miadu
computer 8nA20TAUMS  transfer Yoyaiiog 3 FilngjqAe

f. CPU polling W33m3lumy transfer Yoyaiiiwiiqalu 3 33laoms

»
. . o~ ° , & ° °
transferdoya3iii 1¥ndnfie U139 1 conversion Wosunrhauudlneinld
. 4
&9 EOC(End Of Conversion) aousn 1 11U 0 CPU szAsuasIaey
o L A 3 o < i &
dygnu Eoc JuilelaidygnaEoc nlasusnn 1l 0 cPU fveswdygrann
1 4
register TumfaudnihAul memory wdusaddiimnly cpu Tiaansall
o A L3 -~
Mauduq Idmahaudodszansoma
[ 4 ] :

¥. Interrupt Jsuenuoptlszdniammaninmves cpu 1dTaoms
o Adgd o o d’
naveddiifludnnisdail

° A e
1uM3 conversion CPU aunsa lihhuediduld Taoars  conversion

° . P -
wiuiudeyauesnis conversion 131it Interrupt Data Buffer (31 set 13 ndasnsu
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_

M3 conversion UA9zAANT Interrupt WA CPU rovenld cPU mawdns
conversion 1Aiesseuyeludamnifu cpu fssinswdeyatiivegly murupt
Data Buffer TWifiuumemory 9 iyt Interrupt. iz disable uamedinums
Itrupuida CPU fiszlihhaethidusundneiidyena nterupt Tnidnadaiiey
Famssudeyaiifiuegluinterupt Data Buffer Snafaiiuetraiizeotl

f.DMA (Direct Memoly Access) ’J‘ﬁﬁ’lﬁu?‘%ﬁﬁﬂizﬁnin'lwmnﬁqﬁmn:
M3transfer uuui'fﬁmmnm?1qﬂﬂu'l%'miﬁmiaszwium'fﬂﬁ'u memoly 1Ay
asalii cPU WA cPU munsolilianduaiifianuddyni18uddealdnig
FouTlsunsuiigeonindnnsdeudnesginnuazdudouTaomatameld &
DMA controller (fiu#aa3uRy DMA fons DMA swiiiniu 1disecdean ¥ DMA
controller enable (Fuofiou sABININIABNG MY UImemory tazdoyaszgmifiuluy
word register 100953 register BndhmdiiiunIstransfer suiiioaun s transfer
counter register 9¢ilAuilu 0 uazesifadyyu~Interupt INOVEATING transfer
eruysaliazninInms wansfer auysalidIozifiamadisable DMA controller 31BN
afs

wiAiu181my wanster Foyanuuil 3 Aiqairdudonl¥ns DMA Tumis
mansferfoyaitonnurniadenmion T sunnuasmahaves DMa fided

 Tumsdwrihwudeyauuy DMA Fummnsederndeld 2 uuuieuuy

word HaZHUY byte'lumidqvhm’fmgqu 12 bit

-m3 transfer (U byte sxl¥nyduiudoya 2 afiluns wansfer doya
nilsdoyauaziilosninms wanster sxdadoya 16 bit Hozdutoya 12 bie uardn 4
finoziilu channel vosdygrafidunlumians tanster uuuTimunzoIMg
transfer Joyn1fnniiga 64k n30 32k nFIVBINT transfer

-M3 transfer uUY word ez 1¥mydeindoya 1 afaTums wansfer doya
wilioyaunziilowninnts wanster szdadoya 16 bit Hovdlutoya 12 vit uazdn 4
finozily channel vosdygaiidunlumiany wanser nwuilennseing
transfer Yoy lRniqa 64k 130 32k Af1woeM3 tansfer doya



1 L : : P J
JoUANANTENINMT transfer M1 2 HUTlosauaas 1ddarai 4.

Major Difference Word Tranafer Byte transter
Deta leaght per tramsfir 16 bit (one word) 8 bit (one bye)
DMA Chanoel 5.6,7 0,1,3
Number of DMA transfer 1 2
needed 10 be made per Transfer 4 bit channel number all 12 Transfer 4 bit Channel number and 4 A/D LSB
comversion bit data sisoultansous data first then 3 A/D MSB data
Estimate tota] time need for Jess man 1 us more than 2 us
one A/D conversion
Maximua A/D conversion 64K (65,536) times A/D data can be transfer to any of all 16 MB
Memory A/D dats caa be tranfer to any of the Can be installed in any slot of amy PC
all 16MB compatible computer
H/W Installation must instail the PA-MA(-H) m a 16 Can be Installed i sny slot of any PC
bit slot of PC-AT computer compstible computer
Advantage Fast Coaversion and saves tioe for Caa be installed i any slot of any PC
CPU 1o do other important tasks compatible computer
Disadvantge Cam installed only in 2 16 bit slot PC- | Cam be installed in any slot of any PC
AT compatible computer compatible computer

There is no effect an to the conversion

spead; even at 100 Khz A/D conversion

< v
AITNN 4.4 UTAIANUUARANTEHIN word U byte transfer

} 4
1ANNIAUAAINIITINIIUYDY DMA transfer 1474 Flow chart @0 113
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=)

Isable PA-MA120MA | Programa/D Command Port
Disable DMA Prograrn DMA Mask Port
!
Select the A/D channel | Program Channel MUX )

Is

B254 the

Trig Clock
7

Mo

Prbgram 8254 Counter 2
Program 8254 Program 8254 Counter 1

!

Program DIl.{A address
Program CLiA length

Clear DI4A Flip-Fiop Register
Program DIMA Base Address
Program DMA Page Reglster
Program CMAmode | program DMA YWord Count

I Program DMA Mode
Enable DMA . | Clear DI4A Mask Reglster
Enable PA-MA12 DA Nrite PA-MA12 Command

L END j

4 Z Q
UM 4.11 flow chart HARITUABUAISINIUYGS DMA transfer

¥
=t

15192A0u0uTUs1nATA Programming Procedures A3il
. 4.2.1'Reset the PA-MA12 and disable the DMA

FunsuusnfimdesifielumsifouTsunsuie dissble n1fa PA-MAILZ
UATDMA controller ABUMING transfer Soyaritoflosty emror HowemRATY
Taggadnnamirnedudan
(Iresetn1TAPA-MA12

TauNT Disable 8254/external clock trig 1a¥ DMA request Taon1siou 00H

‘hﬁil A/D command port(base+3)



Wrie All chanpel @, 6,5.3,1.0)
Sequent Prot Data
1-1 p+3 60H

Nowe: P PA-MA12(-H) base  poct address

H

r P
AN 4.5 HAAINIIIVUUAUND reset PA-MA12
(2) Disable the DMA controller
137014750 disable DMA controller 1@ IA6I80UAIAN9AIAITN

Write Channel 3 Channet 1 Chaooel 0
Sequent Port Deta Post Deata Port Data
12 00AH 07H 00AH SH 00AH O4H
Writs Chanoel 7 Chsomel 6 Channel §
Sequent Port Datz Port Data Port Data
12 D4H o7H D4H 06H D4H oSH

MINA 4.6 urAIMsSousue disable DMA controlier
dodnldsunsunun ¢ s lflulassamlaoins wansfer # DMA
channel 3 fip
/* Disable DMA transfer first */
outp(PORT+3,0);
" outp(0x0A,0x07);
4.2.2: Program A/D Input multiplexer
(51%0u8en channel TNT transfer oyatunsshdgygrandlumiiai

4 . v dna.
channel 1a1haTaeiSouTulsunsuTif ports2 audnyazvesdygas inpue 7 v

msden3udy
A/D Chsnoel MUX- Single Ended Tnput
D7 D6 D5 D4 D3 D2 D1 Do
H3 ): ] H HO | & S 12 L1 Lo
A/D high channel scam limit A/D low channel scan limit

A1 4.7 UAAINTIAOA channel ¥8Y MUX
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snmsenitu 1875 1doudien channel ¥81 MUX 3eiiliidon1@anua
15 Yowmrndnansuraiisedoutoulai port+2 AWMT convert ¥83 MUX
fiswedoams e l¥msnldountlasnes MUX 7 channel 10 channel Tallg
channel 1a nanifteduslnisnifounlas channel 489 MUX 139@83%0U channel
figagavesmsn/Aounlas it AD high scan limit waz¥ou  channel figgalud
A/D high low limit $3fdeqezuanslddams

MUX | o) | Mux | oxe MUX | Oxs) | MUX | )

00l ° 108 | ow1 EeH | ow1s | rE | owis

oIH 1 1uH 1 ElH | 1wi4 | FIH | 1wis
oH 2 12H 2 EH | 2014 | RE | 2015
03H 3 136 3 BH | 3014 | BE | 315
o4l 4 148 4 Bl | 4014 | ReE | aw1s
o0sH 5 15H s ESH | Swie | FSH | Stols
o6H 6 168 6 EsH | 6w14 | FH | 6wis
o7H 7 17H 7 |2oa| EM | 7014 | FH | 7wis
0SH 3 13H 8 o | B3H | 814 | FBH | Buwis
ool 9 196 9 |DFH| E9H | 9wi1s | PH | 9wis
0AH 10 1AH 10 EAH | 10014 | FAH | 10wis
0BH 1 1BH 1 EBH | 11wis4 | FBH | 111015
oCH 12 1CH 12 ECH | 2014 | FeH | 12015
oDH 13 1DH 13 EDE | 13w14 | FDH | 131015
OEH 14 1EH 14 EEH 14 FEH | 14w15
oFH 15 1FH 15 EFH 15 FFH 15

A1319M 4.8 urasnsBoudeya Uil port+2 mumsilasuni/ad channelves MUX

mednTsunsuamn ¢ fnllulassonulaoimg  wansfer Joyait
channel 0

/* Define the A/D channel MUX */

outp(PORT+2,0x00);

4.2.3:Program 8254 to decide the frequencty1@panIsfnuas
Sampling Rate i‘uswzﬁ'nms Sampling W‘iﬂf‘]ﬁzlaﬂﬂf’hn‘l‘JSampling %Qﬂﬁﬂﬂﬁﬂ
BouTusunsulalii 8254 Counterftimer Tasmsdmuasidngaums



Asalog Data For 3254 Initialization
Digital(A/D) 8254 Counter 2 8254 Counter 1
Comversion Base Base Base Bass Base Base
Frequeacy +15 414 +14 +15 +14 +14
100KHz 10 B4l 4 ) 748 10 0
20KHz 12.50s B4H 4 ) 748 25 )
SOKHz 20us B4 4 ) 74H 2 0
40KHz 25us B4H 4 o 740 25 °
25KHz 40us B4H 4 0 741 40 0
20KHz S0us B4H 4 ) 74H 50 0
10KHz 100us B4H 4 [ 74H 100 °
SKHz 200us B4H 4 0 4B 200 °
2KHz B4H 4 [} 748 244 1
1KHz ims B4H 4 0 748 232 3
S00Hz 208 B4H 4 .0 74H 208 7
2008z Sma B4H 4 ° 74H 136 19
100EEz 10ms B4H 4 0 74H 13 3
S0z B4H 4 0 74H 32 73
208z S5 B4H 4 0 74H 0 195
10Hz 100ms B4H 40 . 748 16 39
SHz 200ms: B4H 40 ° 748 32 78
2Hz 500ms B4H 40 0 74H 80 195
1Hz 1s B4H 144 1 74 16 ;]
0.1Hz 108 B4H 160 15 748 16 »
0.01Hz 1008 B4H 64 156 74H 16 39

4 4 4 P o :
MW 4.9 uaramatiou Tsunsu it pordfidimuaiiefnuafiSampling Ratefidoants

& U -l
aedumaivou Tusunsy

180w B4H 1#i 8254 command port(base+15)
243U 04H to counter 2 data port(base+14)
3.438Y 00H to counter 2 data port(base+14)
4180y 740 WA 8254 command port(base+15)
5.4%8u E8H 108254 counter 1 data port(base+13)
647U 03H to 8254 counter 1 data port(base+13)
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smsmauawiunsuuuszansaTilsunsy 8254 fanwd 1 Knz
#odulluosuamn ¢ A ldlulassnulasiing tanser doyadaonind
Sampling100Hz

/* Initial 8254 Time */ .

outp(PORT+15,0xB4);

outp(PORT+14,0x04);

outp(PORT+14,0x00);

outp(PORT+15,0x74);

outp(PORT+13,13);

outp(PORT+13,39);

4.2.4.Program the transfer memory address
Aumaonduniis memory Mis1921im3 transfer Toyalaverdonhdsi
(1) Clear the DMA pointer flip-flop
moflostunimAanaafionifatuIee clear flipflop 1Foneufissih

M3 transfer YOYA

(2) Program DMA base address and page register

fhunsifous buffer address 1UR current address register tBUBATINY
transfer i’aqnm’r‘;‘lalu memory

» o 1 4
™2 wmuﬁmmmu«m'lﬁlumﬂé

Uy byte
Write Channel 3 Channel 1 Channel 0
Sequeant Port Data Port Data Port Data
41 OCH 00H OCH O0H OCH 00H
42 06H A0-A7 02H A0-A7 O6H AO-A7
43 OGH A8-A15 02H -A8-A1S O6H AB8-AlS
44 82H Al16-A32 83H A16-A32 82H A16-A32
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Uy word
Writo Charmel 7 Channel 6 Chanoet §
Sequent Port Duta Port Deta Port Deta
41 ocH 00H ocH 00H ocH oo
42 o6H AG-A7 oM ADAT o6H AD-A7
43 o6H AS-ALS 02H AR-ALS 06H A$-ALS
~ s2H Al6-A32 ©H A16-A32 24 A16-A32

: "y d .
A137197 4.10 uzran15iUoun1 Ui port A1 channel Y8313 DMA

v a A 4 v 4
mauwmswuummumnwué’uummsnuﬂm‘lé’mumﬂwnmq

Exagple for DMA bass address reg. pege peogramming

System Stacting Byt (16b) Tranafer Word (165i) Transfor
Address Deta 10 be written Max Deta 10 be writen Max
for DMA Page Base sddrees Xioe Page Base address Xer
“Tranafor reg. MSB LSB Avall reg. MsB LsB Avalt

PC/XT 000004 00H 00H 00H 64KB 00H 00H 00H 128xB

=1 10000H O1H 00 00H 64KB 00H 80H 00H 64KB

PCAT 20000H 2 008 00H 64KB o2 00H 00H 126KB
30000H o3H 0cH 00H 64KB o2H 80H 00H 64KB
40000H o4 O00H 00H 64KB o4 0OH 00H 128K8
40002H O4H 00H 02H 65,534 04H 00H OtH 131,070
40010H 00H 10H 65,520 04H 00H 08H 131,056
40400H o4 O0H &KB o4H 02H 00H 127K3
40800H 04H 0sH 00H 62KB O4H 04H 00H 126KB
41000H 104 00H 60KB OH 08H 00H 124KB
42000 04H 204 00H S6K8 04H 10H 00H 120KB
440001 04H 408 00H 43KB o4H 200 00H 112KB
48000H 04H 8ot 00H 32KH o4l 40H 00H 96KB
4C000H 04H col 00H 16KB 04H 6oH 00H KB
4FFFEH O4H FFH FEH 2 04H TFH FFH 65,538
S0000H osH 0081 00H 64KB O4H 80H 00H 64KB
$8000H osH 80H 00H 328 CoH 00H 2KXB
SFFFEH osH 12314 FEH 2 O4H FFH FFH 2
60000H ‘| ocH ] 00H KB 00H 00H 1258
70000H o ooH 00H sxB 80 0oH S4KB
80000H osH 00H 00H 64KB oeH 00 00H 123KB
90000H o9H 00H 00K G4KB ) 008 - G4KB

PC-AT 10000H 104 ooH 00H 64KB 10H 00H 00H 123KB

euly 12345H 128 34H S6H 52138 12H 14H 2BH 117574
Fl246H FIH 2 &8H 56218 FOH 12H 34H 56216

4 - * - . ‘ 3
M17190 4.11 UTAIAIDERATVOUAUNOTINUA address Y039 memory Tiezihoyalhiiuly
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dednllzunsuamn ¢ anlflulassnulaoiinis wansfer doyahili

memory 80000H
outp(0x0C,0); /* Clear DMA flip-flop */
outp(0x06,0x08);  /* DMA address A00-A07 dr A01-A08 */
outp(0x06,0x00);  /* DMA address A08-A15 or A09-A16 ¥/
outp(0x82,0x00);  /* DMA address Al6-A.19 or A17-A23 ¥/

4.2.5:Program the DMA current word counter

@1 current word counter SHUMTIAUAIINIUMT transfer ﬁagaﬁazmms
mansfer iftofie19iiludmnTuns mansfer Soyaiiintn Taomezidonvuiaves
Mstansfer doyainel¥ wmansfer foyamnnnilalaodousi i curent word

4 .
counter 1ARAMITIMIMIVEUANATN

{1 byte
Write Channel 3 Channel 1 Channel 0
Sequent Data Port Data Port Data
5-1 WO-W7 03H WO-W7 01H WO-w7
52 WB-W15 03H WB-WI1S O1H WB-W15
41VY word
Write Channel 7 Channel 6 Channel §
Sequeat Data Port Data Port Data
5-1 Wo-w7 CAH Wo-w7 C6H WO-W7
52 WB-W15 CAH WB-W15 C6H W8-W15

: 4 .
A1TNN 4.12 UAAIAT address ¥BY DMA channel N92AB31UsuUnTUAT counter YB3

DMA
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Number Byt (8bit) DMA transfer Word(8bit) DMA transfer
of Number Data to be writien to Number Deta 1o be wrilkea ©©
AD DMA DMA basc count DMA * DMA bess coust
Coaver tramsfer register transfer register
Coumt LsB MLB Count LsB MLB
1 2 1 O1H 00H 1 0 00H 00H
2 4 3 0H 2 1 01H 00H
3 6 s 05H 00H 3 2 02H O6H
4 8 7 oTH 4 3 GH 00H
5 10 9 05H 00H 5 4 04H 00H
126 252 251 FBH 00H 126H 125H TDH 00H
127 254 253 FDH 00H 127TH 126H 7EH 00H
128 256 255 FFH 00H 128H 127TH TFH O0H
129 258 257 01H 0lH 1290 128H 80H 00H
130 260 259 03H 0IH 130H 129H 81H 00H
32766 65532 65531 FBH FFH 32766 32765 FDH TFH
32767 65534 65533 FDH FFH 32767 32766 FEH TFH
32768 65536 65535 FFH FFH- 32768 32767 FFH 7FH
32769 NA 32769 32768 00H 80H
3z NA 32770 32769 01H 80H
65534 . NA 65533‘ 65533 FDH FFH
65535 NA |- 65535 65534 FEH FFH
65536 NA h 65535 65535 FrH FFH
65537 NA NA
65538 NA NA
NA N/A

4 d J L]
MTNN 4.13 uzrasdezAes [iloud iy DMA count register

wetnTlsunsunmn ¢ sl Tasaulaoiins ransfer doyaitaz 5
a3 s utibute transfer

outp(0x07,0x09); /* DMA word W00-W0Q7 */

outp(0x07,0x00); /* DMA word W08-W15 */
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4.2.6.Initial the DMA mode register

dlums set Ausuauliiy DMA Humsfimua mode ¥93015 DMA 1184

Tasdmuan a1
Write Changel 3 Channel 1 Channel 0
Sequent Post Dea Poct Deta Port Deta
6 OH 4TH 09H 45H 09H 44H
Write Channel 7 Channel 6 Chanpel] 5
Sequent Port Data Port Data Poxt Data
6 D2H 47TH D2H 46H D2R 45H

o 1] 4 -
detn Tusunsuaim ¢ fis i lulassnulasihnms

< ’
AN 4.14 LAAINTT set i1 DMA mode

outp(0x0B,0x47);

/* Write DMA mode */_

4.2.7.Enable the DMA controller

" 4 4
navndmuaudl DMA controller WSBUNLMINT transfer data N#

memory uﬁh
Write Channed 3 Chanet 2 Chanael 1
Sequent Port Data Port Data Port Deta
7 CAH 03g 0AH 02H 0AH 01H
Write Chaomei 3 Channel 2 Channed 1
Sequent Port Data Port Deta Port Deta
7 D4H ©GH D4 62H D4H o1H

o '
ANTN1IN 4.15 117 set AN Enable DMA controller

o« L] G‘ L3
arsgn Tdsunsun € i lulassulaoing transfer

outp(0x0A,0x03);

/* Enable DMA ¥/




4.2.8.Program the PA-MA12 command port

Wunisi@eniuil¥ Counter uuuuulasmunsuaasldadsarse Taolious

1ﬂ7;—-command port+3
.

Cowmmad Trig Source Inicrropt
74 3 2 | 0 Hex
X 1 ° 1 ° 0AH Extelnal clock Dissbled
x 1 ° 1 1 OBH Enabled
X 1 1 0 0 OCH 8254 Tiner Dissbied
X 1 1 ° 1 ODH Enabied
X 1 1 1 o OEH 8254 Timer perced Dissbied
X 1 1 1 1 OFH by external clock Enabled

A13190 4.16 Madenman3ingle counterl LA
FreinTsunsunmn ¢ sl luTassnulaoins wansfer
/* Enable PA-MA12 DMA transfer and 8254 time trigger */
outp(PORT+3,0xCD); /* Enable PA-MA12 DMA ¥

4.3 Tnssadravesvaya
4 i . o
(119991NM3 transfer Yoyall Wnadndidudoya 12 bit ANTUMT transfer
Joyave 484 transfer 16 bit Tavlinsdmua MsB uoz LSB nanfedoya 8 bit
usneziilu doyaidy 4 bit 8n 4 bit AmAedlu channel ¥83 MUX M3 trasfer
» 9 a v o - P | 9 al" -~ o'
toyalag JoyassAeminil 7-4 uae channel ¥83 MUX finhi 3-0 Yoyaiifeiind
gavosdoyadiu 8 in sululingeqavesdoya
~ v v a g ¥ < &
dedutudusuden MUX 91n 0 T 3 JoyaildvInms tansfer AFusn
v 4 dey & d
ziihe-Yoyaues channel 0 ¥81 MUX ndanniudeyai1dnssn 2 suiludeya
o z 4 e Z r
¥4 channet 41 1 ¥83 MUX uasniareililuves chiannel #i 3 ndwmiudeyat
d 4 Y CT e
1aneziiluvos channet 7 0 Baafuihuruli liifody
4.4 N1INTIVTBUTAING
. Z o a . dad v d ’
311 DMA transfer U921l register 115891 word count Wi lumsiiu -

»
transfer $0Y0ANIUNIIATIVABUAOIULYBINT transfer $1 word count (T4 0 (AR
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* v J
3107 transfer SuetaUYsel TaotouTusunsuez19ms check 1 DMA status ~

register TACLAAIAIUDN status register AL TAAIAIT -

write Chsnnel 3 Channel 2 Channel 1
Segueat Port Deta Poxt Deta Port Deta
Cread 0GH R=D7 osH R=D5 08H Ru=D4
C=D3 C=Di C=Do
write Channe] 7 Channe} 6 Channel 5
Seguent Port Data Post Data Port Data
DoH R=D7 DOH R=D6 DOH R=D5
C=D3 Z C=D2 C=D1

«
AT1IN 4.17 UARINTT Check ADTUSYOINTT transfer

bit 7-4 14 1 HAARITUNANT request
bit 3-0 1 1 naAsIuiAdyQNUMT transfer complete
. N3NNI transfer  tadioudooudunecdoaiinng disable M15A PA-
MAI2 11¢ DMA controller Tamsihiuasufimflousudunouii 1 udininiiaes
MouTlsunsulums shfoyaf AW e lefszeunsatiwnuanwa
deyamondla
detnTisunsumu ¢ fisllulassan
/* Check conversion status */
do{
=0;
t=inp(0x80);
h=(1&0x80); /* Rade DMA status */
outp(0x0C,0); /* Clear DMA flip-flop */
} while(hb==0);
printf("the end of the data transmission”);
outp(PORT+3); /* Disable DMA command %/
outp(0xA0,0x07); /* Disable DMA transfer */
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-
unn 5 MIAUTAIND

4o .
nudana fin minhideyafitiufinlduwaaiuusenn (monitor) Tagis
szlfnmdouldsunsuan ¢ lunmihdeyanildsunsduiinalu file ludu
vosmstiuiinsauuaasauusenm Taoldnsuaaivaluamn ¢ luanzasnidn
Fucldnvuznsuaaiailugaunlszasudluglam daiuly 1 seam  Tuexil
o 4

usznouiusenmAImvHIAAIITY 320%200, 640350 FIATWATIBIAVDILO

o -4 o o 2 o [] o o
mmnnnerfigamauauazasdning  mdntdumisthueaiiunedunl Tas
- ¥ ° ] vk P v dd < 4 ]
gAsHAUYBITIMLIsTEgR taddl 0 AedNNl 0 nazAazBUAvEIvEA MDY

[] »

fuguamvesnesiilflunsuaaiwaluazasmiiln - AniumsdouTdsunsuly

: ; 4
smzasiiln  adsszdesdinsssildlunsunamalunizasiilnveunsesves

a e * A

auiluvoaiinla mswlu ¢ ssll graphic driver sgnmouiudoya Mewsould

dmFesTuuuae uAliRgIIA1Y graphic diver UL EGAVGABGI Tunts
UNAdHD
venonil Refsuilflunmeasin suiituluufiudoyade graphich &
Wu113344 #include ufludoya graphich newidonTusunsy
nsurAadibelinasBeannteaitldnwaziBoaves VGAHT #il

ANVATIDUA 640*480

- 5.1 MsuaaNayed Computer
Tumsuerasmadoya Jonu @a0nus uie niniflnves cpu TWuyudld
mi’uu (319 IAUIBAIMN (monitor) lunsuadwa tﬂumnmﬂummausmouan
uyudonansodileld udlumndloudesznine monitor A CPU fu mnzeds
miautamaTssumAmai i moumeyia eduuaawasziniamaTy
azBoavedaBaNs ATanBoaveInI AN Sarnsnam Suuvesdfiaunse

4 N [ 4 -‘
HaA uaszﬂﬁlﬂummﬁmnammﬂm 5.1
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MDA 640*350 YR 50 He
wlululasy | woiffida 2 8025 720050 | wnaueu 158k
T20*348
whmigu CGA 16 40225 | 3200200 HUINY 60k
EGA 8025 640*200 | uuIOY 155Kk
%8 ECD CGA 169164 40°25 320200 UG GOFz
VGA 8025 340°200 | uuIuDY 15.8kHz
640*350 %30 21.8kHz
wsAinoa CGA 1691064 80*25 3204200 nRounina1d
ToASIR EGA 640200
640%350
soBUaeN VGA 2563 80*25 640°430 nfunkald
oA 256K 800*600
%8 VGA VGA 25690 80425 320400 UwIRS 70Hz
256K 640*400 | uuaueu 31.5kHz
320350
640%350
720350
7204400
640%480

A13197 5.1 DBUAAIHANLLAI
namINeEiud Teeuaamanarnfauaamannne uaRtoul$uinn
uazl¥iuiall Snesl¥nfaucama EGA uor VoA sudludaufisn1dgnu
Nesan umfuﬁujuﬁunfammﬁmfﬂ EGA uag VGA
mia EGA waz vGA Niswassulanalddsaues uAssuaainany
Foyafuyuitiowdi I lumizsanusuianssa  Gitmapped displaymemory) 1u
ANNaLYes Software #1115 EGA oz VGA Imhanazaanilnenssufimidou

o i 1 [ T.) N o J
nu um:ﬁﬂ'nmmnmamﬁmﬂszﬂmmw ﬂ'J’l!JmIl‘liﬂﬁillﬁﬂi151119\1714“ 52
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BGA rrwnzienlunnususiors | ummedWdoudu 16 3 vines # mantoth W i$fusousnaaizhl
nde 350 g
VGA smueziBonlunususiom uoned¥rdoufu 162 emss 7 | MAusea T iR Wimmimve
Utk 350 " uoz TuTulasudwiy vea
o
AN 5.2
01 Sonusit 16 40728 CDBCD,VGA
8°8 char osll vedammonid
ol* donuidd 16 4025 BCD.VGA
8°14char ooll sedsdmmonid
01+ formud 16 40°25 VGA
*16char ool sedummonTast
23 domuit 16 80°25 BCD,VGA
$*Schar ooll s s
2030 Jonynid 16 80°25 VGA
$°14char oell 10 immonmid
2¢3+ fomrwd 16 80°25 CD,BCD,VGA
9*16char oell 105 snmon TG
43 arwnd 4 320200 CDBCD,VGA
sedaineonmaid
6 nriRed 2 6407200 CDBCD,VGA
sodsneen s
7 SonuTuTulny 2 40°25 soTuTulnm
: $°14char 0cll VGA
7+ qormTuTulau 2 20°25 MWTVGA
91 6ohar oell
89A RWSPCi
D rrind 16 3207200 CD.BCDVGA
vodammonmid
nrind 640200 CDBCD.VGA
F nralululnsy 16 640°350 selululnm
VGA
10 nrnd 16 640°350 BCD.VGA
uﬁ«‘nm‘lﬂ'
n nmnd 2 640°430 . vGA
vodsnmond
12 nImind 16 640480 VGA
sedsfnmonTid
13 nRnd 256 320200 VGA
1ed o

3
173N 5.3 Inuamsuaatiavainsa EGA/VGA
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5.2 98 YGA

tudawit 14dnegh sedonjalifnmfiuiidiuialy aziurtajaly
fnvufioafumia EGA uaz VGA Siwinasii 5.1 suitud mia vea mwnsa
WM Interface Auselduaovila udfisnjuduide senm vVea Fasenm
VGA innuaziBoage uaslduieenitlu soft uaz TuTulasy TaosoTuTulasy

»
musouaainsazbeai lupluuuszdudm  sassesasumumunsalfimuiuy

it

5.3 Tnuamsmanianasguves EGA sz VGA

o~ o ] > - ] 4 o

Amndnud iy audadesznhanyudunseeurama. 13110180

p P a 4 -
Software lumaiyoude udiinsnnlimiaunawanmorila Sudazyiaesinu
L [ [ 3 ‘ [ ] o«
auAA gAY e $aud mawazitea dudu Sudludeyadidylunisifou
0’ ® H o -~ A -

Software RLWUNIT Software N 1FNusBuTAwAYIANTY Tioseh 1119 use

4
~ o

- J - o ® 9 [ o d'
amyiaduld  dniudadfinsdmuanasglumshnululuuadeg dmsed
53

4
Jeyadngiidesmsuaausenmiu  srgadszuaalas cPu uduity

feyaluminnnuiucamaisunauraryasmesnuente  Tagmiaves
EGA uaz VGA Badonh nsivsenm ( display refresh ) @9 EGA 921013
ummaéqﬁuﬁwﬁﬂn 60 Afasie 3wt daw vGa s 70 afidetunii

5.4 mufudeyad %235 Ae

5.4.1 Packed pixels 15lunmmiudoyaninamusazyan sxgniftuaslu
mizanudiideiisaiy @331l 5.1 UAS Packed pixels U 4 iindsganin

5.4.2 Color plane szuthmitsawSwramaoomunasunauiiy
daszaedu  Taoudozumaussidmivaunud wazudariinuuunauszunuga
MMUUSBUAAYYA udswdoyatinssiuvemaunaudiudeyadauanmaniinm
Faglft 52
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-
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) 7 fo1:1:
5000.000947.1/._ ?:: JL
A0C80: 03030 IOG:1§ E E—
A : :0:1 Tlo
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5.5 MINAIUYBIVBIAAING ( 98 CRT)

MINNIUYBINO CRT ( Cathode ray tube display ) 19udannisadioduInsimilae
o o o - 4 o 2 o '
ofunTanuuesdidianaseu ilnsenudlsennudwasearoda  Fadwnue
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A o 1] o M 4 \J A ) : \d
UABTEANINLIULE A9 Awmlsvosddianasouitaunuriy nasda g unatuud
- ) - d ] » o -~ o’
zyafie  mideyaiiy I lumbisnudumasmaddianareuszgnanadn liin

o : 9 - 1 1 W - 4

faudanmisnnanmlszuia 50,60 ¥3e 70 AfwAeIuIl Yusgiurilaveise &

t 4

Sonvuamnsild msTidsyenm ( display refreeh ) uaziSonnisnnadives
- J 4 F

BlaRATONUNSETY  UsTABT (raster) uilumInmnadidianasouninyuuudo
& ° -~ ¢ m

udinnaldmivn  dieanatiiunga  AseihinsliadBianaseu ( blanking )

2 2 , P “ v o

snius TUSudunmadholml ( retrace ) msnnardumsannulunuszduniuda

‘ o o 9 “ 9 M : - } 4 -

W Wennanmamnulszdudausndn seiaddaaasouniniuse Tisudun

yuuudlmisaglit 5.3
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Llectron Beaa -

Rorl{zontal

- d
OMimmm OFF:

11U 4 wanmnhauvesmsaunuvesdidianasou

1 LI
- Traniuifon - =
dientuisom - finuey

~_ '
q nIimna
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11 5 vAenlaszunTuues EGA/VGA

5.8 WanFumMBlunriznaidlaluaimn C (graphics mode )
d ;
sinfinan13tedu Ae lumsieeSonlflunmiznsm®ln eedes #
. 1 4
include ufludoya graphich 1doAouTzannsadonldisdsumdniuld uazly

.
o -

mafszdiganzarmilnssdearidal



5.6.1 Bon 19 s Fuinitgraph( )

initgraph( ) WuRafsuiilfinefiezidignizaniia Taoisdsuiiosimih
A Tnaaufiudoyatiilu graphics driver fogludamnity I lumizonnud

uuy .

initgraph ( *driver,*mode,*path);

driver lﬂuﬁmmx'wmé'mul:6mamﬁuﬁﬁmﬁ1ﬁﬁ1nuavﬁmemﬂm’fm_:a
i graphics driver msﬁ'muwﬁauamﬁu‘l’faqm‘fmmmﬁmumﬂu%mmﬂﬂs
wiohdndld

mode IHumIfmuavinavssnnuazidoalumsuaaaudas  graphics
driver Saemnsofimuadudonualasnionnild

path  Aemsmnuadumaiofumuiludoya graphics driver TauiSuung
swluiniesmuodina $hidmuadeufludeyn graphics driver fuaq’ﬂ working
directory i

Tulnsamsiie11ns 0 driver ¥89 EGAVGABGI TasTiTainazidon

o

[ 1 4
640+430 38 TaunsdiouTusunsulumsiSonl¥ Hand initgraph Tidail

int gdriver=DETECT,gmode,errocode;
initgraph(&gdriver,&gmode,” );

5.6.2 Hafi¥u closegraph( ),restoremode( )
Auilsadsunlfon@nnsniiln nduliganzdenny

uuy

closegraph( );

restoremode( );
5.6.3 A4 line
AuitedsuilSlumsmaglifuass Tasszdoaimuagadudu uazgaga
Moveudu
iy



line(startx starty,endx,endy);
startxstarty (ugAisuAuvsady
endxendy HugamwvouY
564 WU rectangle ()
Huilafsuiiifadropldmoy
Uiy

rectangle( left,top,right,bottom );
left top  Wumnadmuagadduvenudredmuuvesgldvioy  Tao

left (Hudwmisnedunt wp uduimiun,

rightbotom  umstmuagaqaicvsauyndudruuvesgldmdoy

v o ]
Ao right iTudumisneding botom itudumiuies

\J .'I J. a 3\ i 4
i Wdndndinsunsuludmivlasensihhdlude 56 asudeTiil
P v o 4 4
szicruefa Tdsunsulunsuaasnainusdiah 1dGou Tusunsuivamiie 19 luns

A o
uaawanay i v le



Tsunsuillumsanianuaiiae
#include<dos.h>
#include<conioh>
#include<stdio.h> '
#include<graphics.h>

void DisPlay(int a,unsigned int b);
void DisPlay_ECG(int a,unsigned int b);
void Block(int Xtop,int Ytop,int Xdown,int Ydown,int Cwid,
int iCleft,int iCcenter,int iCright);
void TheMask(void);
void x;lain()
{
int gdriver=DETECT,gmode;
unsigned char far *mem,lsb,msb;
unsigned int Al;
unsigned long int i,off,seg;
int P[8](7],D[8][4};
int PORT= 0x2EQ; /* PA-MA12(-H) port address */
. int BS=0x8;
int BA=0x0000;
int BL=128; /*A/D buffer address-and length*/
int con,T1,T2,mux,AP,AM,AL,DEL chr,ch;
short int sLLSB,LMS

/* 8 bit DMA port address *f
P{0][0]=0x87 ; P[1][0]=0x83 ; P[3]{0]=0x82; /* DMA page register address*/
P{0]{1}=0x00 ; P[1]{1}=0x02 ; P[3][1]=0x06; /* DMA current address register*/
P[0][2]=0x01 ; P[1][2]=0x03 ; P[3][2]=0x07; /* DMA word counter register */
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P[0][3]=0x08 ; P[1][3]=0x08 ; P[3][3]=0x08; /* Byte-transfer DMA status
register ¥/

P[0]{4]=0x0A ; P[1][4]=0x0A ; P[3]{4]=0x0A; /* Byte-transfer DMA mask
register */

P[0][5]=0x0B ; P[1][5]=0x0B ; P[3][5]=0x0B; /* Byte-transfer DMA mode
register */

P[0][6]=0x0C ; P[1][6]=0x0C ; P[3][6]=0x0C; /* Byte-transfer DMA clear

flip-flop register */

/* 8 bit DMA commands *f

D[0]{0]=0x44 ; D[1][0]=0x45 ; D[3][0]=0x47;/* DMA mode command */
D[0][1]=0x00 ; D[1}[1]=0x01 ; D[3][1}=0x03;/* ‘DMA enable command */
D[0][2]=0x04 ; D[1][2]=0x05 ; D[3][2]=0x07;/* DMA disable command */
D[0][3]=0x01 ; D[1][3]=0x02 ; D[3][3]=0x08;/* DMA complete status */

/* 16 bit DMA port address */

P[5][0]=0x8B ; P[6][0]=0x89 ; P[7][0]=0x8A;/* DMA page register address */

P[5][1]=0xC4 ; P[6][1]=0xC8 ; P[{7][1]=0xCC;/* DMA current address
register®/ -

P[5][2]=0xC6 ; P[6][2]=0xCA ; P[7][2]=0xCE;/* DMA word counter
register */

P[5][3]=0xD0 ; P[6]{3]=0xDO0 ; P[7][3]=0xD0;/* Word-transfer DMA status
register */

P[5](4]=0xD4 ; P[6]{4]=0xD4 ; P[7][4]=0xD4;/* Word-transfer DMA mask
register */

P[5][5]=0xD6 ; P[6]{5]=0xD6 ; P[7][5]=0xD6;/* Word-transfer DMA mode

register */



P[5][6]=0xD8 ; P[6][6]=0xD8 ; P[7][6]=0xD8;/* Word-transfer DMA clear

flip-flop register */

/* 16 bit DMA commands */

D[5][0]=0x45 ; D[6][0]=0x46 ; D{7][0]=0x47;/* DMA mode command */

D[5][1]=0x01 ; D{6][1]=0x02 ; D[7][1]=0x03;/* DMA enable command */
D[5][2]=0x05 ; D[6][2]=0x06 ; D[7][2]=0x07;/* DMA disable command */
D[51{3]=0x02 ; D[6][3]=0x04 ; D{7][3]=0x08;/* DMA complete status */

[*Select DMA channel */
/ printf(" PA-MA12 DAM Transfer sample program \n");
/i printf ("Select DMA channel : \n");
// printf (" 8 bit. (Byte transfer) DMA channel : 0, 1 amd 3\a");
/! printf (" 16 bit (Word transfer) DMA channel : 5, 6 amd 7 : ");
/l scanf("%d",&ch);
fl printf("\n");
ch=T7,
/*Determine memory location g’
/ printf ("Select memory location for DMA transfer : \n");
Y/ printf ("  6:60000H 7:70000H 8:80000H : ™);
/ scanf("%d",&chr);
/i printf("a");
chr=8;
BS=(int)(chr);
/* Determine conversion frequency */
/i printf ("Select Conversion frequency : \n" );
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/ printf (" 1:100KHz 2:50KHz 3:10KHz 4:1KHz 5:100Hz 6:10Hz 7:1Hz
8:05Hz :");
1/ scanf("%d",&con); ‘
I printf("a");
con=3;
if (con==1){
T2=4 ;TIi=10 ; /*100KHz ¥/}
if (con==2){
T2=4 ;T1=20 ; /[*50KHz %/}
if (con==3){
T2=4 ;TI1=100 ; /*10KHz ¥/}
if (con==4){
T2=4 ;Ti=1000 ; /* 1KHz ¥/}
if (con==5){
T2=40 ; T1=1000 ; /* 100Hz */ }
if (con==6){
T2=40 ; T1=10000; /* 10Hz */ }
~ if (con=T){
T2=400 ; T1=10000; /* 1Hz */ }
if (con==8)({
T2=800 ; T1=10000; /* 0.5Hz */ }
mux=3;
mux=(mux*16+mux);

initgraph(&gdriver,&gmode,");

/* Disable DMA transfer first */
outp(PORT+3,0); /* (1-1) Disable A/D DMA request*/
outp(P[ch][4],D[ch]{2]);  /* (1-2) Disable DMA transfer-*/



70

/* Define the A/D channel MUX . */

outp(PORT+2,mux); I* (2) Convert channel 0 to channel 7%/
/[*Initial 8254 Timer *f
outp(PORT+15,0xB4); /* (3-1) 8254 Counter 2 Mode */

outp(PORT+14,(T2%256)); 1* (3-2) 8254 Counter 2 LSB */

outp(PORT+14,(int)}(T2/256));  /* (3-3) 8254 Counter 2 MSB */

outp(PORT+15,0x74); /*'(3-4) 8254 Counter 1 Mode */

outp(PORT+13,(T1 % 256));  /*(3-5) 8254 Counter 1 LSB */

outp(PORT+13,(int)(T1/256));  /*'(3-6) 8254 Counter 1 MSB */

/*1Initial DMA controller */

if (ch>3)

{

}

f*'Calculate 8 bit memory address */

AP=BS; [*Page register A19-A16 */
AM=(int)(BA/256); [*Base address MSB A15-A08 */
AL=BA % 256; /*Base address LSB A07-A00 */
DL=BL-1 ;

[*Calculate number of 16 bit DMA transfer®/

if (ch<4)

{

}

/*Calculate 16 bit memory address */
AP=BS; [*Page register A23-A16 A16 does'nt care*/
AM=(BS % 2)*128+(inf)(BA/512);/*Base address MSB A16-A09 */
AL=BA % 512; [*Base address LSB A08-A01 */
DL=BL*2-1;

/*Calculate number of 8 bit DMA transfer®/

outp(P[ch][6],0); - /*(4-1) Clear DMA F-F */
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outp( P[ch][1],AL); /*(4-2) DMA address A00-AQ7 or A01-A08%/
outp( Pich][1],AM); /*'(4-3) DMA address A08-A15 or A09-A16*/

outp( P[ch][0],AP); /*'(4-4) DMA address A16-A19 or A17-A23*%/
outp( P[ch][2],0x3D);//(DL%256)); /*(5-1) DMA word W00-W(Q7*%/
outp( P[ch][2],0x01);//(intXDL/256)); *(5-2) DMA word W08-W15%/
outp( P{ch]{S],D[ch][0]); /*'(6) Write DMA mode */
TheMask();
do
{
outp( P[ch][4],D[ch][1]); /*(7) Enable DMA */
[*Enable PA-MA12 DMA transfer and 8254 Timer Trigger —------————*/
outp(PORT+3,0x0C); /¥(8) Enable PM-MA12 DMA */
= [*Check conversion status */
do
{
s= inp(P[ch][3]) & D[ch][3]; /¥(R-1) Read DMA status */
outp(P[ch][6],0); *(R-2) Clear DMA F-F */

LLSB=inp(P[ch][2]); /*(R-3) Read current word LSB */
LMSB=inp(P[ch][2]);  /*(R-4) Read current word MSB */
L=LMSB*256+LLSB+1 ;
if (LLSB==255)
{
if LMSB==255)
{
L=0;
}
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!
// printf( "Remaining DMA Transfer : %d ",L );

} while (s==0);

/*Disable DMA transfer first *f
outp(PORT+3,0); /*(S-1) Disable A/D command */
outp(P[ch][4],D{ch]{2]); /¥(S-2) Disable DMA transfer */

mem=(unsigned char far *)MK_FP(0x8000,0x0000);
for (i=37;i<313;i++)
{
Isb=*mem;
msb=*(mem+1);
Al =((msb*16)+(1sb/16))/12; [* save data to buffer*/
DisPlay(i,Al);
mem=mem+2;
}
}while(kbhitQ);
closegraph();

void DisPlay(int a,unsigned int b)

setcolor(9);

if(a==37) moveto(a*2,b);
line(a*2,80,2*2,350);
line(a*2+1,80,a*2+1,350);
setcolor(15);
lineto(a*2,350-b);
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}

void DisPlay_ECG(int a,unsigned int b)

{

r* setcolor(CYAN);
line(a*2,0,a%2,450);
line(a*2+1,0,a*2+1,450); */
if(a==0)

{
. moveto(a*2,b+100);
return;
}
setcolor(WHITE);
lineto(a*2,b+100);
[*if(a==319)
{
moveto(1,b+100);
H
}

void TheMask(void)

{
Block(20,10,getmaxx(),getmaxy()-10,2,15,7,8);
Block(70,50,getmaxx()-10,getmaxy()-50,2,8,9,15);

setcolor(15);

settextstyle(2,0,5);

outtextxy(80,360,"DMA Transferred A/D conversion");
outtextxy(80,380,"DMA Channel : 7 Word transfer");
outtextxy(80,400,"Conversion frequency : 10Khz");
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setcolor(12);
outtextxy(80,20,"Electronic Engineer King Mongkut's Ladkrabang.™);

void Block(int Xtop,int Ytop,int Xdown,int Ydown,int Cwid,
int iCleft,int iCcenter,int iCright)

int Up[14];

int Dn[14];
Up[0]=Xtop 5 Up[l]l=Ydown :
Up[2]=Xtop-Cwid . Up[3]=Ydown+Cwid ;
Up[4]=Xtop-Cwid ;  Up[Sl=Ytop-Cwid  ;
Up[6]=Xdown+Cwid ; Up[7]=Ytop-Cwid  ;

Up[8}=Xdown ® Up[9]=Ytop :
Up[10]=Xtop ;  Up[l1l=Ytop ]
Up[12]=Xtop > Up[13]=Ydown f
Dn[0]=Xdown : Da[1]=Ytop ;

. Dn[2]=Xdown+Cwid ; Dn[3]=Ytop-Cwid ;
Dn[4]=Xdown+Cwid ; Dn[5]=Ydown+Cwid ;
Dn[6]=Xtop-Cwid ) Dn[7]=Ydown+Cwid ;
Dn{8]=Xtop : Dn[9]=Ydown ;
Dn[10}]=Xdown s Dn[l11]=Ydown 5
Dn[12]}=Xdown ; Dn[13]=Ytop ;

setcoler(iCcenter);
setfillstyle(1,iCcenter);
bar(Xtop, Ytop,Xdown, Ydown);



setcolor(iCleft);
setfillstyle(1,iCleft);
fillpoly(7,Up);

setcolor(iCright);
setfillstyle(1,iCright);
fillpoly(7,Dn);

}
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/* 8 bit DMA port address

*

P[0][0]=0x87 ; P[1][0]=0x83 ; P[3][0]=0x82; /* DMA page register address

*

P[0][1]=0x00 ; P[1]1[1]=0x02 ; P[3][1]=0x06; /* DMA current address register

*/

P[0][2]=0x01 ; P{1][2]=0x03 ; P[3][2]=0x07; /* DMA word counter register

*

P[0][3]=0x08 ; P[11[3]=0x08 ; P[3][3]=0x08; /* Byte-transfer DMA status

register */

_ P[0][4]=0x0A ; P[1][4]=0x0A ; P[3](4]=0x0A; /* Byte-transfer DMA mask

register */

P[01{5]=0x0B ; P[1]{5]=0x0B ;

register */

P[0][6]=0x0C ; P[1][6]=0x0C ;

flip-flop register */

/* 8 bit DMA commands

P[3][5]=0x0B; /* Byte-transfer DMA mode

P[3][6]=0x0C; /* Byte-transfer DMA clear

*/

DI[0][0]=0x44 ; D[1]}[0]=0x45 ;
D[0][1]=0x00 ; D[1][1]=0x01 ;
D{0][2]=0x04 ; D[1][2]=0x05 ;

D[3][0]=0x47/* DMA mode command */
D[3][1]=0x03;/* DMA enable command */
D[3][2]=0x07;/* DMA disable command */
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D[0][3]=0x01 ; D[1][3]=0x02 ; D[3][3]=0x08;/* DMA complete status */

/* 16 bit DMA port address , *
P[5][0]=0x8B ; P[6]{0]=0x89 ; P[7][0}=0x8A:/* DMA page register address */
P{5][1]=0xC4 ; P[6][1]=0xC8 ; P{7][1]=0xCCy/* DMA current address register

*/

P[5]{2]=0xC6 ; P[6][2]=0xCA ; P[7][2]=0xCE;/* DMA word counter register */

P[5]{3]=0xD0 ; P[6][3]=0xD0 ; P[7][3]=0xD0;/* Word-transfer DMA status
mgis;cr */

P[5][4]=0xD4 ; P[6][4]=0xD4 ; P[7][4]=0xD4;/* Word-transfer DMA mask
register */

P[S][5]=0xDé6 ; P[6][5]=0xD6 ; P[7][5]=0xD6;/* Word-transfer DMA mode
register */

P[5][6]=0xD8 ; P[6][6]=0xD8$ ; P[7]{6]=0xD8;/* Word-transfer DMA clear

flip-flop register */

/* 16 bit DMA commands */
D[5]{0]=0x45 ; D[6][0]=0x46 ; D[7][0]=0x47;/* DMA mode command */

D[5][1]=0x01 ; D[6]{1]=0x02 ; D[7][1]=0x03;/* DMA enable command */
| D[51(2]=0x05 ; D[6][2]=0x06 ; D[7][2]=0x07;/* DMA disable command */

D[S][3]=0x02 ; D[6][3]=0x04 ; D[7][3]=0x08;/* DMA complete status */

ch=7;

chr=8;

BS=(int)(chr);

con=3;

if (con==1){

T2=4 ;Ti=10 ; /*100KHz %/}
if (con==2){



T2=4 ;T1=20 ; /*S0KHz*/}
if (con==3){

T2=4 ;TI=100 ; /*10KHz* }
if (con==4){

T2=4 ;TI=1000 ; /* 1KHz %/}
if (con==5){

T2=40 ; T1=1000 ; /* 100Hz */ }
if (con==6)(

T2=40 ; T1=10000; /* 10Hz ¥/ }
if (con==T){

T2=400 ; T1=10000; /*1Hz */
if (con==8){

T2=800 ; T1=10000; /*05Hz */ }

/*Select conversion channels */
mux=3;
mux=(mux*16+mux);

initgraph(&gdriver,&gmode,"");

/* Disable DMA transfer first *f

outp(PORT+3,0); /* (1-1) Disable A/D DMA request*/
outp(P[ch][4],D[ch][2]);; /* (1-2) Disable DMA transfer */

/* Define the A/D channel MUX *f
outp(PORT+2,mux); /* (2) Convert channel 0 to channel 7%/
[*TInitial 8254 Timer */

outp(PORT+15,0xB4); /* (3-1) 8254 Counter 2 Mode */
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outp(PORT+14,(T2%256)); /* (3-2) 8254 Counter 2 LSB */

outp(PORT+14,(int)(T2/256));  /* (3-3) 8254 Counter 2 MSB ¥/
outp(PORT+15,0x74); /*(3-4) 8254 Counter 1 Mode */

outp(PORT+13,(T1 % 256));  /*(3-5) 8254 Counter 1 LSB */

outp(PORT+13,(int)(T1/256)); /*(3-6) 8254 Counter 1 MSB */

/*TInitial DMA controller */

if (ch>3)

{

[*'Calculate 8 bit memory address */

AP=BS; [*Page register A19-A16 */
AM=(int)(BA/256); [*Base address MSB A15-A08 */
AL=BA % 256; [*Base address LSB A07-A00 */
DL=BL-1;

[*'Calculate number of 16 bit DMA transfer®/

if (ch<4)

R

[*Calculate 16 bit memory address */
AP=BS; _[*Page register  A23-A16 A16 does'nt care¥/
AM=(BS % 2)*128+(int)(BA/512);/*Base address MSB A16-A09 */
AL=BA % 512; [*Base address LSB A08-A01 */
DL=BL*2-1;

/*Calculate number of 8 bit DMA transfer®/

outp(P[ch][6],0); /*(4-1) Clear DMA F-F */
outp( P[ch][1],AL); /*(4-2) DMA address A00-AQ07 or A01-A08*/
outp( P[ch][1],AM); /*(4-3) DMA address A08-A15 or A09-A16%/
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outp( P[ch][0}.AP); /*(4-4) DMA address A16-A19 or A17-A23%/
outp( P{ch][2],0x3D);//(DL%256)); /*(5-1) DMA word WO0-W07*/
outp( P[ch][2],0x01);//(intXDL/256)); *(5-2) DMA word W08-W15%/
outp( P[ch][5],D[ch][0]); /*(6) Write DMA mode */
TheMask();

do

{

outp( P[ch]{4],D[ch]{1]); /*(7) Enable DMA */

/*Enable PA-MA12 DMA transfer and 8254 Timer Trigger %/

outp(PORT+3,0x0C); /*¥(8) Enable PM-MA12 DMA */
/*'Check conversion status &
do

{

s= inp(P[ch][3]) & D[ch][3}; /*(R-1) Read DMA status */
outp(P[ch]t6],0); R-2) Clear DMA F-F ¥
LLSB=inp(P[ch][2]); /*(R-3) Read current word LSB */
LMSB=inp(P[ch][2]); /*(R-4) Read current-word MSB */
L=LMSB*256+LLSB+1 ;
if (LLSB==255)
{

if (LMSB==255)

{
L=0;

}
// printf( "Remaining DMA Transfer : %d "L );



} while (s==0);
[*Disable DMA transfer first — */
outp(PORT+3,0); /*¥(S-1) Disable A/D command */

outp(P[ch][4],D[ch][2]); /*(S-2) Disable DMA transfer */
mem=(unsigned char far *)MK_FP(0x8000,0x0000);
for- (i=37;i<313;i++)
{
Isb=*mem;
msb=*(mem+1);
Al =((msb*16)+(sb/16))/12; /* save data to buffer*/
DisPlay(i,A1);
mem=mem+2;
}
}while('kbhit();
closegraph();
}
void DisPlay(int a,unsigned int b)
{ )
setcolor(9);
if(@==37) moveto@*2,b);
line(a*2,80,a*2,350);
line(a*2+1,80,a*2+1,350);
setcolor(15);
lineto(a*2,350-b);
}
void DisPlay_ECG(int a,unsigned int b)
{
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r* setcolor(CYAN);
line(a*2,0,a%2,450);
line(a*2+1,0,a%2+1,450); */ !
if(a==0)

{
moveto(a*2,b+100);
return;
}
setcolor(WHITE);
lineto(a*2,b+100);
r* if(a==319)
{
moveto(1,b+100);
A
}

void TheMask(void)

{

_ Block(20,10,getmaxx(),getmaxy()-10,2,15,7,8);
Block(70,50,getmaxx()-10,getmaxy()-50,2,8,9,15);
setcolor(15);
settextstyle(2,0,5);
outtextxy(80,360,"DMA Transferred A/D conversion");
outtextxy(80,380,"DMA Channel : 7 Word transfer™);
outtextxy(80,400,"Conversion frequency : 10Khz");
setcolor(12);
outtextxy(80,20, "Electronic Engineer King Mongkut's Ladkrabang.");

}

void Block(int Xtop,int Ytop,int Xdown,int Ydown,int Cwid,
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int iCleft,int iCcenter,int iCright)

int Up[14];

int Dn[14];
Up[0]=Xtop
Up[2]=Xtop-Cwid
Up[4]=Xtop-Cwid

Up[6}=Xdown+Cwid ;

ve

-
*

Up[8]=Xdown :

Up{10]=Xtop S
Up[12])=Xtop ;

Dn[0]=Xdown

Dn[2]=Xdown+Cwid ;
Dn[4]=Xdown+Cwid ;

Dn[6]=Xtop-Cwid
Dn[8]=Xtop ' 3
Dn[10]=Xdown
. Dn[12)=Xdown

setcolor(iCcenter);

setfillstyle(1,iCcenter);

.
”

Up[1]=Ydown

-
k4

Up[3]=Ydown+Cwid

Up[S]=Ytop-Cwid

Upl[7}=Ytop-Cwid

Up{9]=Ytop
Up[11]=Ytop
Up[13]=Ydown
Dn[1]=Ytop

Dn[3]=Ytop-Cwid
Dn[5]=Ydown+Cwid

Dn{9]=Ydown
Dn[11]=Ydown
Dn[13]=Ytop

bar(Xtop, Ytop,Xdown, Ydown);

setcolor(iCleft);
setfillstyle(1,iCleft);
fillpoly(7,Up);

" setcolor(iCright);

.
*

.
»

.
14

. Dn[7]=Ydown+Cwid

.
?

.
’

.
14

-
3

.
’



setfillstyle(1,iCright);
fillpoly(7,Dn);
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@ MOTOROLA MC14046B

PHASE LOCKED LOOP

The MC140468 phase locked loop contains two phase compara- L SUFFIX
tors, a voitage-controlled oscillator (VCO), source foliower, and AN CERAMIC
zener diode. The comparators have two common signal inputs. oA CASE 620
PCAjq and PCBiq. Input PCAj, can be used directly coupled to large s

voltage signals, or indirectly couoled {with a series capacitor) to 1
small voltage signals. The seif-bias circuit adjusts small voltage signals
in the linear region of the amplifier. Phase comparator 1 {an exclu-
sive OR gate) provides a digital error signal PC1gye, and maintains
90° phase shift at the center frequenty between PCA;, and PCBin
signals {both at 50% duty cycle). Phase comparator 2 (with leading
edge sensing logic) provides digital error signals, PC25,¢ and LD,

‘and maintains a 00 phase shift between PCAjn and PCBjn signals P SUFFIX
{duty cycle is immaterial}. The linear VCO produces an output signal PLASTIC
CASE 548

VCOgqye whose frequency is determined by the voltage of input
VCO;in and the capacitor and resistors connected to pins C1a, C13,
R1, and R2. The source-follower gutput SFqye with an external re-
sistor is used where the VCO;y, signal is needed but no loading can be
tolerated. The inhibit input Inh, when high, disables the VCO and
source follower to minimize standby power consumption. The zener
diode can be used to assist in power supply regulation,

Applications include FM and FSX modulation and demodulation, oW SUFFIX
16 @

frequency synthesis and muitiplication, frequency discrimination, soIC
tone decoding, data synchronization and conditioning, voltage-to- CASE 751G
frequency conversion and motor speed contral,

]

@ Buffered Outputs Compatible with MHTL and Low-Power TTL

® Diode Protection on All Inputs

® Supply Voltage Range = 3.0 to 18 V ORDERING INFORMATION

® Pin-tor-Pin Replacement for C040468 MC14XXXBCP Plastc

® Phase Comparator 1 is an Exclusive Or Gate and is Duty Cycle MC14XXXBCL Ceramc
Limited : MC14XXXBOW SOIC

®- Phase Camparator 2 switches on Rising Edges and is not Duty TA = -55"to 125°C for atf packages.

Cycle Limited

PIN ASSIGNMENT

BLOCK DIAGRAM Ldre

e hnd nchadmdy | PCloue 2
PCA;n 14 | e Ceﬂ:::P" l 2 PCIgy, -

{ Phase 13 PC20yu¢ VCOoqyt
rCBy, 3O ; ] Comearsworz |1 o, Lo Inh
g g e

i ol et cra

v"oscs, : ::: ‘: : (veo) +°: g": Ves
1nh 5O ; — ! Source Foliower '-V—O: 10 SPyut

L Vsso———— P ———— =08 Zener




h MC14046B

MAXIMUM RATINGS” (Voltages referenced to vss)

Rating Symbot Value Unit
DC Suooly Voltage Voo -0510 ~18 Vde
Input Voltage. All inputs Vin ~0.5t0Vpp+05| vde |}
OC inout Current, per Pin bn =10 mAdc
Power Dissication, per Packaget Pp S00 mw
Operatng Temperature Range Ta -551t0 +125 °C
Storage Temperature Range Tstg -6510 +150 C

mﬂammmovﬁmmmmhmmmm.
tTwMWM‘PMWW—IOmWPCFmSS‘CTMm .
Cerarmic “L” Packages: — 12 mW¢C From 100°C To 125°C

ELECTRICAL CHARACTERISTICS (Voltages Referenced to vss)

Voo -55°C 25°C 125°C 3
Characteristic Symb Unit
* vde Min Max Min Typ Max Min Max
Qutout Voltage “0” Level 5.0 - 0.05 _ 0 0.05 —_ 0.05
Vin = Vpp or 0 VoL 10 — | 005 - 0 005 | — | 005 | vee
1S M Q.05 - 0 0.05 —_ 0.05
"1" Level 5.0 4.95 - 1.95 3.0 —_ 4.95 -
Vin = O or Vpp Vo 10 | 995 | — 9.95 10 — | 995 | — | vae
15 1495 | = 14.95 15 —_ 14.95 —_
input Voitage # “0” Levet
{Vo = 4.5 0r 0.5 Vdc) 5.0 - 15 —_ 225 1.5 — 1.5 Ve
(Vg = 9.0 0r 1.0 Vac) Vit 10 | — | 30 "y 450 | 30 | — | 30 de
(VO = 13.50r 1.5 Vda) 1§ - 4.0 — 8.75 4.0 _ 4.0
“1” Level
(Vo = 0.5 or 4.5 Vdc) 5.0 3.5 - 35 275 -_ 35 = Vo
(Vo = 1.0 or 9.0 Vdc) ViH 10 70 b 7.0 5.50 - 70 - ac
(Vo = 1.5 0r13.5 Vdc) 15 1 —_ 11 8.25 -— 1t -
Qutout Drive Current
(Vou = 2.5 Vdc) Source 5.0 -1.2 _— -1.0 -1.7 — -0.7 —
(VOH = 4.6 Vdco) ls]7} 5.0 ~-0.25 el ~-0.2 -Q.36 = -0.14 - mAdc
{(Vor = 9.5 Vdc) 10 -0.62 - -0.5 -0.8 —_ -0.3s5 -
(VoM = 13.5 vde) 15 -18 —_ -1.5 -3.5 s -1.1 _
(VoL = 0.4 Vde) Sink 5.0 0.64 - 0.51 0.88 _— 0.36 =
(VoL = 0.5 Vde) oL 10 6 - 1.3 225 — | os — | mage
(VoL = 1.5 Vde) 15 4.2 — 3.4 8.8 —_ 2.4 -
Input Current fn 15 —_ =01 —_ =0.00001] =0.1 —_ =1.0 | uAgc
Input Capacitance Cin - - — — 5.0 7.5 — — pF
Queescent Cument oo 5.0 - 5.0 - 0.005 5.0 - 150 | uAdc
(Per Pacxage) Inh = PCAjq = Vpp, 10 - 10 — 0.010 10 —_ 300
Zener = VCOjy = O V. PCBi, = Vg 15 - 20 | - 0.015 20 — | 600
orQV, loyt = O A
Total Suoply Currentt T 5.0 IT = {1.46 pAKKH2) t = Ipg o | nAce
{Inh = “0" fy = 10kHz, C_ = 50 pF. 10 . Ir = (2.91 xAkHZ} I + Ipp
R1 = 1.0M. A2 = x, Rge = =. and 15 IT = (4.37 uAkH2) I + Ipp 3
50% Duty Cycie) .

#Noisa immunity specified for worst-case input combination.
Noise Margn for both “1” and “0" level = 1.0 Vde min ( Vgg = 5.0 Vde
2.0 Vac min (e Vpp = 10 Vde
2.5 Vee min @ Vpp = 15 Vde i

tTo Calculate Total Current in Generai:

(VCOin-1.65 Vpp-1.35\314 'VCOip - 1.65\ V8 a
- —0 LDV Y - —_n - Voo b+
tr lZXVDD( A =y ) I.ﬁx( Rer > + 12107~ (C + 9 Vpo

100% Duty Cycte of PCAp,
100

e 1x10-t VQOZ( )*'o where: I 1 uA, Cy_ in pF, VCOin, Vpp in Vde. tin kHz. and

R1. R2, RgE n M. Cy_ on VCOpyt-
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ELECTRICAL CHARACTERISTICS® {Cy_ = 50 oF. Tp = 25'C)

Voo Minimum M
Characteristic Symbol Vde Device Typical Device Units
Output Rise Time tTLH ns
thH = (30nspF) C_ + 30 ns 5.0 —_ 180 350
TLH = (1.5ns/pF) C_ + 15ns 10 - 90 150
K = (1.1 nepF) C, + 10ns 15 _ 85 110
Output Fail Time tTHL ns
tTHL = (1.5 ne/pF) C_ + 25 ns 5.0 - 100 175
THL = (0.75 ngipF) C|_ + 125 ns 10 —_— S0 75
tTHL = (0.55 ng/pF) C_ + 9.5 ns 15 —_ 7 35
PHASE COMPARATORS 1 and 2
Input Resistance —PCA;, Rin 5.0 1.0 20 — MO
. ) 10 02 04 -
15 0.1 0.2 —
— PCBp Rin 15 150 1500 _ MO
Minimum Input Sensitivity Vin 5.0 —_ 200 300 mv p-p
AC Coupled — PCAjn 10 - 400 800
C series = 1000 pF, [ = 50 kiHz 15 —_ 700 1050
OC Coupled — PCAjq, PCBin - St 15 See Noise Immunity
VOLTAGE CONTROLLED OSCILLATOR (VCO)
Maximum Frequency tmax 5.0 0.5 0.7 - MHz
(VCQin = Vpp, C1 = S0 pF 10 1.0 1.4 -
R = 5.0 k), and R2 = x) 15 1.4 1.9 -
Temperature — Frequency Stabriity - 5.0 —_ 0.12 - %/'C
(R2 = =) 10 - 0.04 —_
15 - 0.015 -
Unearity (R2 = =) — %
(VCOin = 25V = 0.3V, R1 > 10 k0})) 5.0 — 1.0 -_—
(VCQijn = S0V = 25V, Rt > 400 k) . 10 - 1.0 -
(VCOin = 7.5V = 5.0 V, R1 = 1000 k) 15 — 1.0 —
Qutput Duty Cycle - 5o 15 - 50 - %
Input Resistance — VCOjn Rin 15 150 1500 — M}
SOURCE-FOLLOWER
Offset Voltage- - 5.0 - 1.65 22 v
(VCOin minus SFoy, RSFE > 500 k1) 10 — 165 22
15 —_ 1.65 22
Lineanty - %
(VCOip = 25V = 0.3 V. Rgg > 50 kQ)) 5.0 —_ 0.1 —
(VCOjp = 5.0V = 25V, Rgg > 50 ki) 10 —_ 0.6 _
(VCOip = 7.5V = 50 V, RgF > 50 k) 15 — 0.8 —
ZENER DIODE
Zener Voltage (I, = S0 pA) \74 - 6.7 7.0 73 v
Dynamic Resistance (I; = 1.0 mA) Rz — —_ 100 —_ 23

“The formula given is for the typical charactesistics ony.
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FIGURE 1 — PHASE COMPARATORS STATE DIAGRAMS

PHASE COMPARATOR 1t
Inout State
X X
5 PCA;, PCBin
PClgye *
PHASE COMPARATOR 2
Input State
X X
PCA;y PCBin
rC2 a J-Stete
ot Output Oisconnected !
Lo
{Lock Detect) o |} (]
Refer to Waveforms in Figure 3.
FIGURE 2 - DESIGN INFORMATION
Charecteriatic Using Phase Cameerstor 1 Using Phase Camperstor 2

No signai on input PCA ;.

VCO in PLL system adjusts to center frequency

tfg).

VCO in PLL system adjusts (0 minimum fre-
quency (fnia).

Phase angle between PCAj, and PCBjn.

907 st center frequency (tg), aoorosching 0°

Always 0° in
ond 180° at ends of lock range (21 ).

ock (positive rising edges).

Locks on harmonics of center frequency.]

Yas

No-

Signal inout noise rejection.

High

Lowe

Lock frequency range (2t ).

The frequency range of the input signal on
initially in lock, 20y = full VCO frequency

which the loop will stay iocked if it wes.
range = frmax = fmin-

Capture frequency renge (2(c).

The frequency rsnge of the input ngnal on
out af lock,

which the i0op will lock if it was initisity

Degends on love-pem filtey charectaristics
{swe Figure 3}, fo <y

fe=tr

Canter frequency (fgl.

The trequency of VCOqy,q, when VCO;q = 1/2 Vpp

VCO output fraquency {f).

Now: These equatons are intenced 0 be
2 dessgn Quide, Since caicuiaied componant
velues may De in ervor Dy as much as a lackor
of 4, laDaratory expesimentation may oe
required tor ftxed designa. Part 1o part fre-
Quency vanation wih identical passive com-
ponents i3 typcally less than = 20%.

1

tmin - —_— e -

ARG+ 32 pF) Weg inout = Vss)
fmeot e ——' | tmin (Vg insut=Vpp)

Ay{Cy +32pF) co oo
Where: 10K < Ry < 1M

10K <Ay < 1M

1000F <Cy < .0t uF
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FIGURE 3 - GENERAL PHASE-LOCKED LOOP CONNECTIONS AND WAVEFORMS

i

Source 10 out
Fontower
V€O Ase
PCA;, 14 =
€ ] =
® Frequency t* 3 Phase 20r 1J . "'_::‘ 9 vco d o YCOout
oca. Comoarstor PClgye Futver " 12 6 ; ® Froguency Nt* = ¢
in 'co; Cla Cig
out A1 Az
ct
(Y = g
! e
1 |
L Counter A
Typical Low-Pass Filters
Typicaily:
(s} A3 (L] A3 %
input O—M—I—o Quiput trout Outout Rg Cq= s b N
fmax 274t

CZI

. 1 2 nfy %
~—y/
e rd R3IC2

Note:

Ra
(A3 + 3.0000) ¢, = 1OONAT Ay Cy
fmax2

IC!

8t = frax ~ Imin

Sometimes R3J is solit into two series resistors each R3 + 2, A capacitor Cg is then placed from the midpoint 10 ground. The vatue for

Cg shouid be such that the corner frequency of this network does not significantly atfect wy. In Figure 8, the rano of R3 to R4 sets

the camoing, R4 3 (0.1 HAJ) for ootimum resuits.

Cafinitions: N = Total division ratio in tesdback loap
Ko = Vpp/ T for Phase Comoarator 1
KXo = Vpp/é 7 for Phase Comparator 2
274 tyeo
Vpop—-2V 278,
for a typrcal design wy, @ T

20707

Kveo *

Phase Comparator 1

reas, _J 1 l

I
vYou
—_—Von

PCloye | I l l l I l l
VoL

— Vo

VEOin \/\/\/\/\

—Vou

Voo

W

Vss

Note: for turther mnformation, see:

{at phase detector wnput)

Waveforms

LOW-PASS FILTER

Filter A Filter 8
o eKveo .. KoKveo
" YNACy “n "IRCoR3+A4)
Newny N
0 208 walR2Cy + )
I Kokveo | * “nT342° KeKvco
1 R3Ca5+1
Flg) o —eme Fls) =
- wrowi " SRR
Phase Comoerator 2
Voo
PCA{L ' l n
v
. 1 ss
t 1
1 : Vom
T B N
- i oL
T T Vou
L I

Vv,
PC20u¢ '—J‘*h_— on
Vou

VCO;in

f1) F. Gardner, “Phase-Lock Techmques”. John Wiley and Son, New York. 1966,

12} G. S. Moschytz, “Mimature RC Filters Using Phase-Locked Looo”. BSTJ, May. 1965.

13) Garth Nash. “Phase-Lock Looo Design Fundamentals”. AN-535, Motorola Inc.

14} A. B. Przedpeiski. “Phase-Locked Loop Design Articles™, AR254, repnintad by Motarols Inc.
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LM567ILM5670 Tone- Decoder S

PO NS Y T

Gerieral Description ¢ -

The LMS567 and LMSE7C are general purpose tone
decoders designed to provide a saturated transistor

switch to. ground when an input signal is present -

within the passband. The circuir consists of an [
and Q detector driven by a voltage controlied
oscillator which determines the center frequency
of tie decoder. External components are used to

: lndustnalIAutomotwelFunctl_onal
BIocksITelecommumcatlons

® High re;ectmn of out of band signals and noise -

L] Immumt\Lto false signals: - R

8 Highly stable center frequency -

8 Center frequency adjustable from 0.01 Hz -
500 kHz .

B

-r

independently set center frequency, “bandwidth Apphcatlons
and output delay. 8 Touch tone decoding
Fe 8 Precision oscillator
atures ® Frequency monitoring and controf- - °
s 3010 1 frequency range with an external resistor - - ® Wide band FSK demodutation —- = —_
®° Logic.compatible output with 100 mA current ®_Ultrasonic controls - N
sinking capability & Carrier.current remote controls
s Bgndviidth adjustable-from 0 to 14% LY ® Communications paging decoders =
Schematic and Connection Diagrams- -
f Metai Can Package Dusi-in-Line Package
oy Lo swrrer
am e
-w—'.J -0 e gayad
- [$ Temmg.
MAET

Order Number LM567CN-
Sse NS Packags NGBS




Supply Voluge Pin .7 . . 10V
Power Dissipation (Note ﬂ .. . 300 mwW -
Vg - . SRR L ey, .
Vy—el oo - . RENE S S . ' R e I d_f
va - © Vg +0.5V . ; . :
StoragtTemperatune Range- * TS 165°Cto +150°C TR T =
v~ e o s aa | e e e . >
- - - \ - - ——iee s e :
Electncal Charactenstlcs AC Test Gt Ta = 5%, Ve = 80 -
.- . . Lhse? ] - LssTCILMBETCN
PARAMETERS CONOITIONS T T T BT
Power Supcly Voltage Rangs 475 5.0 9.0 4.75 5.0 9.0 v
Powse Suopty Curremt A, = 20¢
Qusiwscent [} 8 ~.7 10 mA
MSupolyQ:nml R = 20k R I -
Activated T ) n I B z 157, | “ma
tnput Resistance 18 20 22 | 15 20 ~f.25~-1 .
Smaitest D'.tocublolm Voitage 1,2 100 mA, f= ¢, S 20 . i 20 - 35 wWeme
Largest No Qutout input Voitage . lc® 1W00mA, k=1, 10 - 15 0. P | SO I, oVrme
Largent Simultanecus Ou tiand Signas 10 Inband Signal Astio & i s _|. .| os<
uu;i-unlmusmu»vrmmmm 8,° 140 kHz -« & -6 Y -8 . <
Largest Detection Sanawidtn 12 14 16 10 14 18 Toff,
Largest Detection Bandwioth Skew 1 2 2 3 [%ott,
Largest D: 8 i with Temp 0.1 0.25 -] 0 . 05.- | ='c
Largest Oetiction Bandwedth Varistion with Supeey Vohage | 475V = 6,75V AV 2 | 2 s | oav
Highest Centar Fw 100 500 : 100 00 ) kHz
Conter Fregquency Stebaity _ 0<Ti<70 ‘120 | 3260 Tl oemre
~56<Ta< o138 -1 ®ere0 20| - ponC,
Canvter. Fraquency Shift with Sucoty Vottage ¢.7_5v -8.75V as 1.0 04 20 Y .
Fastest ON-OFF Cycling Rate y 1,20 : 120 -
-Output Leskage Current Vo5V - aor |25 X aor | 2 uA
Cutput Saturation Voitage a8 my, " - a2 04 0z-|—ase v
Ig= J0mA
a=25my, as 10 (Y3 10
Ig * 100 mA
Output Fall Time k] 0 s
Qutput Rise Time 150 150 e
Note 1: Tht O'WLM557 is 150°C, WIIMD'MLMSG7CIMUQSO7CNI“N‘C. ~ b

d 4 P

For op

inithe TO-5 package must be-terated based on 3 thermat resistance of -

g at O
180°C/W, |uncnon tomords'w mncmm-nrclu For the: DIP" the devics must be derated besed on a therel-

resistance of 187°C/W, junction to-ambient.

~ .

[

e

At



Typical Performance Characteristics

Typicst Fraquency Drift with * .- Typics! Bandwidth Variation
Temperswure {Mean end S.D.} with Tempersture
£ 18— 18 -
% wermv "
Eu s 1y
3
e 3
€ 5 10t
e .3
-1 =z 35 lt
£ T ~ - .
-
g g =
& 3 ‘ ‘-'N\
® -1 o
- 2 i
H b SARCWIOTH AT 25°C
EIRY] ]
© 15 -5 -5 8 IS S 7S 1M s T 75 .50-25 8 25 s 75 1ee 125
TEMPERATURE () TEMPERATURE (°C}
Typicsl Frequency 6««-«:. Bandwidth vs Input Signal
Temperaturs {(Mean and S.0.} Amplitude
g 3 08
E 2 Lev (1) B3 IR I Y N
H )
s ! ~ 2 J
H ™ <
HA 2 /
e 2 /)
5 4 - '8
£ H / 4
= : NA
g .
5 -8 S SUTIIT 7, - 13 C]
G M- 05 WS 18IS LI S S B T S TR}
TEMPERATURE (2} BANOWIOTH (X0F 1)
Dstection Bandwidth as a Typical Supply Current vs
Function of Czand C3 Supply Voitage
" T b4
Taa2s't Ta=25C [
Vee = SV N0 LOAD “ON" CURRENT /
\
oo f /
S5 S e
£2 & <
IR0 \w = /
S8 \ ¢ ol
s w S £ IESCENT CURNENT
\\J § |~ auiesce
o ]
il ]
1 & 8 1 w12 L L )
SAROWIDTH (X OF 1) SUPPLY VOLTAGE (V)
Typical Output Voitage vs
Temperature
T
o8 [-veeatv
Zu A
- = 47 3
L Iy * 108 mA
-
< s
=
S wu
. -
£ +3 I s WeA
S
° u | I
IEREN

L)
-5 -0 -23 0 23 8 18 108128
TEMPERATURE (*C?

BANDWIDYH (X OF 1)) CHANGE IN FREE RUKNING FREGUENTY [X)

CYCLES

Typical Fregaency Drift with
{(Mesn ard S.D.} Tompersture

T
V=475V
'

10 m

CENTER FREQUENCY (Mz)

Greatest Number of Cycies
Betore Output
] Yoz o 6%

1

. 4 - Ta = 55°C

|\ sAmOwve ™% LTED Y €, |
Nf L1 1 11

2l L] T LI
< amewory LaaTes 3y
Ay EXTERSAL

I\, pomesve c
D, (1
™
b

nm NN
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" Typical Applications .. .

~ ", Touch-Tone Decoder.. ~

— o
L]
_:_Do-}—o:
Het o
b d
pm==n
??? ,__;_DO-:—O' N Connoct on 3 t8 L5V  sweert sutput. .
) !
g ot S
- i m) v Qscillator with Double Frequency Output
[Te 4 L Lo .
o e 0] {4 1'\:]'\:: __1_9;"]"0
X 2 pe——— "
% i anar-
]
i
i D> e
L :D (. .S 44 -
i % 12 B T
Precision QOscilistor Drive 100 mA Loads
e} ~
RIVT e | Jirud
e =
= :'1 =
Lisen
| S Q taekey
) o= S%a € 2z2mMsY a o
TTT T° & s ITT

~ AC Test Circuit

v
‘ RY c1e
_R" = l 24K Im
s 7 s s]
1 2 3 e
ol ] o i
a) om| . B
=T menat wv =
§
b e RNz Y
*Taw: Adjust tor 1o » 108 2.

Ap~plications Information

The center frequency of the tone decoder is equal
to the free running frequency of the VCO. This is
given by

fo

£

Ry Cy

The bandwidth of the filter may be found from

‘the approximation

BW = 1070 in % of f,

Vi
£, Ca
Where:

Vi = Input voitage (volts rms), V; < 200 mVv

C, = Capacitance at Pin 2 (uf)
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LM386 Low Voltage Audio P

~General Description ™"
The LM386 is'a power amplifier deslg'zed for use in low
voltage consumer: applications. The gain is internally’
set to 207 to keep external part count low, but the
addition. of an external resistor and capacitor between
pins 1 and B.will increase the gin to any value up
to 200.

Audio, Radio énd TV Circuits-

PUSEN

-

ower Amphfler

-

L] Voltage gaing from 20 to 200

® _Ground referenced input . .

#- Self-centering output quiescent voltage
= Low distortion

& Eight pin dual-in-line package

The mbuts are ¢ ground referenced while the output is A . R
“automatically Biased to one half the supply voitage. The App“cahons T
quiescent power drain is only 24 milliwatts when oper- 8 AM-FM radio amplifiers -
ating from a 6 voit supply, making the LM386 ideal ® Portable tape player amplifiers
for battery operation. _ “w lotercoms
Features ® TV sound systems .
» Battery operation s Line drivers R \ ¥
®  Minimum external parts . 7" = Ultrasonic drivers 3
- Wide supply voltage range 4V-12V or 5V-18V ® Small servo drivers - X
® Low quiescent current drain 4mA = Power converters
Equivalent Schematic and Connection Diagrams RS -
[ ]
O ¥y
Dual-io-Line Package
1 U 1]
GAIN =y pree AN
K nor —4 e sypass
—0 Your
anour — L. vy
» 0 4 LS Vour
TOP ViEW

Order Number LM386N-1,
[ LM38EN-3 or LM3B6N4
Q Gvo

Typlcal Applications

Amplifier with Gain = 20
Minimum Parts

Sos NS Package NOBB

Amplifier with Gain = 200

o g




National

Semiconductor --- -

LM158/LM258/LM358, LM158A/LM258AILM358A, LM23904
Low Power Dual Operational Amplifiers

General Description .
The. LM158 series consists of two independent, high
gaih, internally frequency compensated operational am-
plifiers which were designed specifically to operate.from
2 single power supply over a wide range of voltages.
Operation from split power supplies is also possible and
the low power supply current drain is independent of the
magnitude of the power supply voltage.

Application areas include transducer amplifiers, dc gain
blocks and all the conventional op amp circuits which
now can be more easily implemented in single power
supply systems. For example, the LM 158 series can be
directly operated off of the standard +5 Ve power
supply voitage which is used in digital systems and will

easily provide the required interface electronics without ™

requiring the additional +15 Vg power supplies.

Unique Characteristics

® In the linear mode the input common-mode voltage
range includes ground and the output voitage can also
swing to ground, even though operated from only a
single power supply voltage.

8 The unity gain cross frequency is temperature
compensated.

® The mput bias current is also temperature
compensated.

Advantages.

® Eliminates need for dual supplies

8 Two internally compensated op amps in a single
package

Operational Ampli_fier'sI'Buffers ]

Allows directly sensing near GND and Vgyr also

goes to GND

Compatible with all forms of logic

8 Power drain suitable for battary operation

® Pin-out same as LM1558/1.M1458 dual operational
* amplifier

Features

® Internally frequency compensated for unity gain

8 Large dc voltage gain . 100 d8

® Wide bandwidth {unity gain) 1 MHz

{temperature compensated)
Wide power supply range:
Single supply 3 Vpe to 30 Vpe
or dual supplies +1.5 Vpe t0 215 Ve
Very low supply current drain (S00uA) — essentially
independent of supply voltage {1 mW/op amp at
+5 Vpel

Low input biasing current 45 nAgc
{temperature compensated)

Low input offset voltage 2mVpe
and offset current 5 nApe

% |nput common-mode voltage range includes ground
8 Differential input voltage range equal to the power

supply voltage
Large output voltage
swing

0Vpe 0 V' = 1.5 Vpe

I

' Connection Diagrams (Top Views)

({1 -
Order Number LM158AH, LM158H; LM2S8AH,
LM258H, LM3S8AH or LM3S8H-
See NS Paciaage HOBC

Schematic Diagram (eacn Ampiifier)

AA
VWA®

3
Y

L




INational - Operational Amplifiers/Buffers

Semiconductor

LF155/LF156/LF157 Series Monolithic
JFET Input Operational Amplifiers .,

LF155, LF1585A, LF255, LF355, LF355A, LF355B low supply current
LF156, LF156A, LF256, LF356, LF356A, LF356B wide band
LF157, LF157A, LF257, LF357, LF357A, LF3578 wide band decompensated (Avyyn = 5)

General Description

These are the first monolithic JFET input operational
amplifiers to incorporate weil matched, high voltage

JFETs on the same chip with standard bipolar transistors -

{BI-FET Technology). These amplifiers feature low input
bias and offset currents, low offset voltage and offset
voltage drift, coupled with offset adjust which does not
degrade drift or common-mode rejection. The devices
are also designed for high slew rate, wide bandwidth,
extremely fast settling time, low voltage and current
noise and a low 1/f noise corner,

Advantages ;

= Replace expensive hybrid and module FET op amps

® Rugged JFETs allow blow-out free handling compared
with MOSFET input devices

m Excellent for low noise applications using either high
or low source impedance—very low 1/f corner

s Offset adjust does not degrade drift or common-mode
rejection as in most monolithic amplifiers

# New output stage allows use of large capacitive loads
{10,000 pF} without stability problems

® Internal compensation and large differential input
voltage capability

Applications

w Precision high speed integrators

® Fast D/A and A/D converters

= High impedance buffers

& Wideband, low noise, low drift amplifiers
s Logarithmic amplifiers

& Photocell amplifiers
» Sampte and Hold circuits

Common Features
{LF155A, LF156A, LF157A)

® Low input bias current _ . . __.30pA
®  Low Input Offset Current 3pA
- ® High input impedance 10120
s Low input offset voltage 1mV
® Low input offset voltage temperature 3uv/,C
drift
®. Low input noise current 0.01 pAA/RZ
® High common-mode rejection ratio 100 08,
= Large dc voitage gain 106 d8
Uncommon Features
LF155A LF156A LF157A UNITS
{Ay = 5)*
u Extremely 4 1.5 1.5 Hs
fast settling
time to
0.01%
®» Fastslew
rate 5 12 50 Vius
= Wide gain 25 20 Mtz
bandwidth
s lowinput ' 20 12 12 aVA/RZ
noise \ﬂt_age

Simplified Schematic
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