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Mr. Soon Changprayoon
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Abstract

This special project studied about the measurement of Loudspeaker Pattern. This project
created a device for measuring loudspeaker pattern. By the measurement that uses loudspeaker
and microphone been the main device. Computer controlled this device which to display

loudspeaker pattern graph on computer screen.
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2.2 d11n3 (Loudspeaker)
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a1 lwuditnlaslawiin (Electro dynamic loudspeaker)
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a ‘ﬂ ° a o Yy 1 g a o Yy o ' 9y a
awes lodlud Tnswiiail Tasms Himdauazvaaaiiunnadaduding neldifans
zé Pai o é 1 9 A a o [ o ad
naOUNYDINT LA NS Feno IiRanaudeenu serlsenounanyeesdt Inuuusdnlns
lowniinezuaasdagl
Tnsserdnvesd Inailudtaosdilsenonae shdiefunasdildifugidas Tng

Yy v 9y

111ugA3e Tased i (Frame 119iiEondh Basket) axfigasanannasuiieornimieinu
¥ Ed v
Idetudasson n3ed e (Core) uruguinaevesd nedidaud 1 8 15 111 Tavsa
TudaTnssadred Inaiifivialng ez lfidesnidends uazion 19 lumsadadosty Base)
{ o < a a
Tuvand Inennadne: Wlumsaadosnauasdouman
] o A A J o \ 9/ x [] ] . .
dauvesd1 IneiiFenda lasnes (Driver) 1A wimdnensuazenain (Voice coil)
& Y Yy 3 o 9 [ 1o
wezilszneualsmInduiang fuuuununatsn vadeudusgdayana IWfhanissvne
1 d 4
flouguamail thldiRemsalfouwlnsaunmuiminsons saatafumimEnansi i
:::‘ d'l A ~ &R YR a = v a A
vandaiindoui i Tasfisewq wwdansaenszain 3Sufanisnszfesnadamasiuniy

o &L
Leyu

asket™

gy
s
r's

Puruusent \‘O"CP
magnet cc.xl

1A 2.4 urasnmlassadevesdr inauuuddnlas laundia
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' a /o w o
MWW N R0 Tng

NAADUAUDIUFIAING

WORBLAUBUTIAIND fiD %aaﬂ’nuﬁzé’rmﬁﬁﬂf’r’aﬁmﬁaaﬂmﬂﬁﬂwqﬁmmﬂﬂﬁ"m
U Tayey mﬁuzmummi’mTﬂﬂﬂimﬂaaummmammmmau‘ww TasMmmuaviiayed
é’r’nujmmﬂw wazU3UAIMTUE 1A 20 Hz B9 20000 Hz H1ﬂﬁt‘giy1tumﬂ\‘mllﬂll"llu'lﬂﬂd‘ﬁnﬂ

FRANUINNOUNN Send1 Tnonouausudnnuaisden Flat @eu'ld

A1 12 (Sensitivity)
flumsiasedudeannt nudetloumdean i neiunsing Tasas ey
v ¥V v v
dyanuvuansinslusinuiuazueuilage sEAUTEIUDsd1 Insezgainfivieeanain
o ' é U o ¥ L dy =3
thnd Insluszoznenilen @admuasses 1was) mstavendini bidunsuenis

Useansnmmstiauuess 1w lagass

A4 (Damping)

o Y A ~ [ a o [
n3ed Insszdvunaeuiamgduuydaenes Iiflmidunn ninsed Inedang
v v v v b4
nsgiivoude LN Aideyanamiduymnieluds seushlddesit Idond  Tnshndfionsn
< QR 9 v 4 A L:yv = P dy Y
AT svRD NI NN AR UA Gouuiaunsiii uauil (Damping) Tnedudey
a H9 Yo o
- wlavesmInldiingaoding
Y
- thniinvesuiivan

v o [ 9 @ o [ P .
-A291 Insenanveensdensemudiu Tasens nveest ng (Suspension 14 Spider)

dy s
ANVINGUUDILA S

@ealan i laou win Wassdudamnaduuuy Send Sanufndfieutay §1Tnes
. " 5 y
dugunsali fiGosfadiou Ifiawe jluvunimfiadouvosdod Tnaged
1 mmﬁmﬁyﬂu@amﬂuﬁﬂtmzﬁuma'{na@m%’u Aaonanuiuantaeudaiuiums
1w "Lﬁﬁmmﬁmdﬁquﬁuww aunananosAlsznenlud Tns luauysal
Taomwz lunstidus Insdaedyana fhanalugun
2 ueud (Noise) 1iluiFouuudunszunnandi Tng Lummﬂaﬂﬂsm‘luaﬂwamﬂmﬂma
Lﬂﬂmnﬂ'ﬁﬁumawaﬂwm‘lﬂ
3 waﬂamnﬂumz (Transient Response) Lﬂuﬁ'ﬂymmmmsmhmmmnmmu”;mmmﬂ

msinssedr Insuduinunngangaiislfegadu Tnsnstlowdasdygansean
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& . o 5 o 1 1
"INN’Q“UENﬂ'l‘iﬁf]'ﬂﬁui’)Qﬂlf’)\m'ﬂquﬂuﬂﬂﬂﬁlﬂﬂ ﬂﬁﬁﬂigﬂﬂﬂ YU ﬂ']ﬂ’)"lﬂLL?NﬁJ?Nﬂi’JEJ

o 2 o S g v A a o/ o Yt Ay
fﬂI‘VN “INﬂi'JfJﬁ']I‘WQVILHN‘ﬂgﬂu’NL'Ja"lﬂ'ﬁLﬂa@Ll'ﬂ‘UﬂﬁﬁuLEN WTiﬁNNﬁﬁﬂUﬁu@Qﬂ%W

~a Qs

.. a & 4 & ' 4 dd a1 Ay
4 MyvauayI (Clipping) Lﬂﬂﬂlumaﬂs’wmIwa"lnmmimﬂaaummmmﬂmmwmz

o

Houdyana Wi ldid e Buanns

D)

23 “luiﬂﬂ‘mlu (Microphone)

y

\ é { o/ ‘é
lulas udugunsalitugediniledi Flumsudamdsomgnnmie i

Y] a £ 24 P czdd = o =t a A4 da ' [ o
wmamaﬂgﬂamm«m cm‘lu‘nuﬂﬂa L‘]Jﬁﬂu‘WﬁN’Iutﬁ'ﬂd‘ﬁiiﬂ‘iﬂﬂﬁiﬂ‘ﬂLiﬂﬂ’l'l ‘wmamm‘ﬂu

oRaAN (Acoustic) ilundeem InfmiefisSendr dayarandes (audio signal) thiies

winyes lulns Wy (Type of Microphone)

1 uuuyWienesd (Moving coil)

2 WUUSUUOU (Ribbon)

3 WUUADUIAUILDS (Condenser)

4 wuMsUeU (Carbon)

5 WUUATEADA (Crytal)

"1w7‘if:%:ﬂﬁnﬁwﬁmmiulﬂsMu‘ﬁf‘?ﬁnm fies 2 wilade uTns Thuauywie

aved wag lulas MunuunouwmuEre s

yul3enond lulas ThunSe lavndn lulns Ty

TuTns TWuaiinilgnsamaieadud Tng e I lunmsndufu nanfe §1Tnauen
nnezaaussiu ihdusdudowds feunsomlasniudeadiuus Wi 125 0 g
ﬁm?‘u"l,uiﬂsTﬂwﬁﬂfﬁ%'mmmmsﬂ‘lummﬂmﬂémﬁauﬂmmﬁu"Mﬁwaaﬁﬂwuﬂu

Han lUNIeBNLLL

Front electrode Soft plastic coupler

5 == \% S R
R R >
\‘-.\-\ N\ N ‘\

N
Diaphragm 8 \\\, W
Rear electrode N &
N 3
Terminal Terminal
Nylon plug Carbon granules

1 2.5 urmeTaseadiavesluTas Tvuuunywisaesd ( Moving coil microphone)
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Lﬁaﬁﬂﬁmﬁmmnswmﬁupiu"lﬂamﬂsu (Vibrating plate) ¥4 13 1n5 Wy 92ifans
whoufidh-oen mudnumsven AL YARIALANY mﬂaﬂﬂmmu"lﬂawamsu Lazdeeg
‘luﬂmumeaﬂﬂmmaauwmnaﬂymwmsmaaummmwuvlﬂamwsu Tuldafuduusau
man Aadhuswuiuiidatovesnan LLi\?ﬂu'l‘Nﬂﬁ‘]J%”Lﬁﬂﬂmmmﬁ%m“’ﬁﬁ%’nd‘llﬂ\iﬂﬁu
e Taea liudn "I,ﬂuwuﬂ'luiﬂsIﬂumm‘nwmnwLmummuﬂmmiaﬂﬂwﬁwu'lﬂTﬂﬂ‘lﬂs

uuagauetldWiond (matching amplifier) 13 oUUAFMI MWD WDT (matching transformer)

avuiauos lulas Wy (Condenser microphone)

y‘flu"l,uiﬂiiwummm%ﬂmummmmuuwm‘lummu'luiﬂﬂﬂuwmaq WU B4
19103 Tluwting 1mmuiaw‘wﬁlumwuwmmmuﬂswm‘i‘luuwu"lﬂamwsu T

deannsenufiuiu laesusunda uUnssveainTanzazn/fon'lal uag mﬂﬁauﬂ'wmmg
Ifhwesdufulszylidng

6
1
=P A
N e
5 N AN
. Front case. & 7
2. Spacer.
3. Protective membrane. S ' %
4. Rear case.
5. Terminal. §
6. Transducer unit. Q
7. Connector lead. % b
]
g2 V3 4 5

17 2.6 uapsdnuae Tassadumeluvesneumume sl Tas Ty

uru laezusuvesnemames luTas Tuy (Vibrating plate) 11910 lanz vsodsuy
_ % 1 Q’: é [} o z é o
wanadn AuvdevesuiulaezimsueeidudaTane Faghduiludmiaesdufiuszy n
-7 T o Q/ { ~ v = ‘é g
ﬁwmﬂm'mzﬁ'mm‘lﬂﬂauiﬁw%wawﬁagnunmﬁwﬂﬂm YsusulanBanenniis ievene

v

doygnadlinnuusawemuizae 1)

fsiiiwesndisavesy Tas Ty

A211 12 (Sensitivity)

A hveelulas Tudlumsialse @niamaesluTas Ty TasmsSanuainse
mm"l:u‘lﬂiIﬂu’luﬂmﬂﬁﬂuﬁtymms?{m'lﬂt,ﬁuﬁ'tynunm"Mv’\h T2 lsaansana
Sensitivity 1@910gas
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Sensitivity =E / P

4o E fin mﬂ’amdwﬁﬂéﬁzﬂﬁﬂuiﬂmm"Luiﬂﬂwusﬁa"lﬁ'%’mmﬁmﬁmﬁwﬁmﬂuTméf

A [ a =} ] 4
P A9 UIIAUYDTEN SJ‘HN’JEJL‘IC_:]‘L! IlﬂJIﬂ’i‘lﬂi

Tagiialuan Sensitivity 92@oulugives dB Tag sziiidy 0 dB §euee 18
o E
Sensitivity = 20 log = dB

NUANUDADUAUDS (Response Frequency)

dmdaeuauesweslyns Try ﬁﬁaﬂﬂﬂuﬁmﬁﬂﬂdaummﬁuwmimmﬁwm
maaﬂﬂ'mmmﬁ'mm"Lu‘[ﬂsiﬂm‘fuq Tasmsnioaszrdamaug uunu x uaz dB luwny
y Fensminuarudeeuauniiiouas fufluinnlumstsenaammaeslulas Tny Taed
nymdentasila meﬁw"luiﬂiIv\lmfuﬁmsmauﬁuaqﬂlud{ummﬁﬁﬂ%ﬁq
Directivity

f1 Directivity Lfluﬂ'ﬁuﬁmﬁqmmﬁnﬁuﬁswin Sensitivity fUAAM 9o 9E e
TuTas Tusudhun Tﬂﬂﬂzﬁuaéﬁu%ﬁmmzTﬂﬁﬂ%’ﬁﬁﬁ’l’m1 duneumuees lulns Tny

b4 v
fi1 Sensitivity 92 YU URsmIsvoaEeshi 145

eas1d Ao dyanmsUnIL (Signal to Noise Ratio)

v
dnsrcudyaadedyaasunan deuge 1491 SN nie SNR §as1dui iz ae
r \ Qv Q X QU é ] o L4
By anuuanawsEnusedudy g aiudyanasuniy Sadmsy Ty Tns Ty Ay sy
AUN9ZIAA9In AANMumunely wagmsindeunves lumaavesermeuuy i

N9LHUDU



2.4 Wos MU ( Parallel Port )

O 101 |01 it

o
5
B
N R (N =@

1= 0100 I\

o .
BUSY 11
Paper Enpty 12 o
Select i3

—fAuto Feed XT 14 "l

—ERROR is

—INIT 15

—SLCT I i7
Ground ig-95 |

ISTWISTED PAIR RETURMS
ONNECTED IN “TYPICAL CABL

Shield s Frame o

311 2.7 werasd YLD Parallel Port

o IAq Y o A [ v a L& '
wosayuudiuginseinliiludi¥eudeseninnouiaumesduginsainaugu

. Y =< s Y
stepping motor 91nA M laliasisuvssnasantin g
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UNN 3

NS UHUNITNAADS

¢ 4 A4
3.1 gUnsatuaznIesfiendos

I
2.
3.

1 Inswtia lanndn

TuTns uriianounuses
N7 Preamplifier

N7 Power Amplifier
NITAIUAY Stepping motor
HeFufumesmes

oo lae lail

3.2 2395nl¥lun1snans

3.2.1 3999 Preamplifier

24V
. ap
1% Tz
Thd i OUTPUT
LM3874 1)
\ 10uF
om TS
MIC
=y Wiy
Y
T %2
- m -
. 4
-

317 3.1 uaA92993 Pre — Amp N 1FuoneFayansninlulas Truy

40200

17



51l 3.2 uerAII995 Pre — Amp 7119 lod LM387A Aldlumsmanes

3.2.2 1995 Power Amplifier

UV
L2
= 100K 3 0.1uF _T_ i
=T o
I : L
INPUT ). 7
® : 2}{@ = 22!]511]"
5 > I
100K - Lo
=
— E
&
= )F %IUUK 47K I oF

517 3.3 uerAe2993 Power Amplifier N1d¥ud Inslunisnanes
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517 3.4 4AAII995 Power Amplifier 714104 TDA2030A AMFTUE Twslumsnaaes

3.2.3 24997 Step motor

12V

9
e
% 1
i o
5 | S\ ¢ g
o | % S g
Z 4 & )
T |e 8. g
=8 5 4
- 5 4
DU

i

‘ﬂﬁ 3.5 LLmeNili‘Vﬂ‘ifmﬂﬂn Stepping mortor



g . o A & o
5171 3.6 LEASI9VIAIURY Stepping motor Tae1F leFiIos ULN2003 ilufniuguy

3.3 MIAUHUNISNAADY

A a A dy 1 ﬂ A
’J‘ﬁﬂ'ﬁ‘ﬂﬂﬁ@ﬁ‘ﬂﬂ\ﬂﬂiGQTHWLﬁHNﬂQHLLﬁJQﬂﬂﬂL U3 00U AD

P ~ Y ad o ' 1 o
ADUN 1 ﬂ‘ﬁL‘Lr%EJ‘IJmEﬁJaﬂBm%%BQLM‘V\MSWHSQﬁﬂWﬂuS% %"HN?%W)‘Nﬁ’IIWQLmz

TuTas Tunszezineseiu

Powerdmp

Londspealeer

Function
Generator

Step motox

Ticrophone

=~

| Pre Amp

U
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v v 9 Ty v
Uil 1 luiiiszldaa1uah 3000 Hz lasdngaginsaintsTaladegali 3.8, 3.9 uazgl

22

319 3.10 wansms dngilnseidrei lsvims Taunndis o sdi Tna

S

A oA A = ad o [ dy
3.10 uazdNFmsaty - MInaepunarSeuMsUunnms eI Tnani
9
inlvd Insegdwnaonmn@endu lulns InuTae Tiszesvinaznhaisae iy
TBY 50 IWUANATUALTYEY 80 LHUALIAT
Tdanud liumasiudiadsedaeninug 3000 Hz
[ o { o 1o { < J o 4
Uuyuesmvesd Ineldiu/feunlasTaod Insegiui lnaldmdyvemesuduiias
7.5 BF1
v 3 a v ~ < Jau
81uA1 V 1nedada laa lalygnadiyniiaaluemesdy
o v A 9 v A A o =3 ] [
1A v e lduaza nwesminalaouutas dnnwdesnsmauesmiy v

~ a Aac n:' o o A ) o @
L‘IJ5fJ'UL‘V]E!‘Uﬂ']i‘ﬁ”lllwum5u1ﬂﬂﬂ7‘§&ﬂﬁ8u5$EJZﬂT??ﬂIﬂE‘W"ILWN@u YB1-5 AU Y

ca' =1 [ aJd ) z:id' v [ [ .d' [
aou 2 msfSeueuanyazveaunnisueedt Ine luauaiaresulussesviteafion

1.

!
ol InsogdumisRenmnidento ulas Tiu Taoldssoevinsenihaiasoadiy
ITHY 80 KEUALLAT
i Iundstuiadosdaennid 1000 Hz , 3000 Hz wag 5000 Hz
Usnosnuesdn nsliuAouuas Tavd Tnsegduii Inoldai luemesaduiia
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' v Aa J ~ o d o
4. oMV nneeada lad lnlnnanuimaluemosdu
o J :; ' 9/ ' ‘:i d‘ o 1~ [ [
5. b v Ao lduas Ao snitlfouualas dhunwieanswayuesmdy v
6. Wisuieumsmunniisu lnsmsrthd Inevinaseguuiimsialasiumiloude

1-5 uanU

{ o ad ) 4 v a
AUl 3 msdaunnimsuvesdinlaodoudeouazaiugu lnsnounaiaes laensuaaante

a 4 [ J o A
AouWIaes lasdagilnsaiasgli 3.11

Loudspeaker
Microphone

PowerAmp [ O: & IPreArnpl
0

Function
Generator

Step motor I

‘Mictoconiroller

Computer

31 3.1 uaasnmmsiaglnsalmsnaneiaunniisusesda Tng

1. W Tnevunn 8 Toviu 025 Tad uas 8 Tovu 1 ad
[ ad 3 3 I~ = P a
2. IAUNINTUYBNET INNYNaedNiA1NE 1000 Hz, 3000Hz N353 6% 80 LUALAT
3. Fpmsvhanuveslsunsuudasnaunnis Lo Tnadegal 3.12
a Jr Ay
3.1 AnszhausuauY
< t a Y
3.2 HumNMTAAIZHYIYA
L= v kS
3.3 TunnA1A9g INYDYD

ad o
3.4 pananaunnnsuyead Iweluldsunsy
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Unn4

Ha VAN 1IN0

a
ADUN 1

o I'd @ 4
f1lng vina 8 Tonyd 025 Jad

MMsnaaed laon15e8 Inauaz 1 las Iureswduszes 50 uaz 80 wuRmas
Y o Y] A Iy Y a
uaimua lnanuannilenFus LB e a2eAE 3000 Hz

AMINN 4.1 warasnn v, gueeriinda ldvesdr Tnaluszesving 80 wuGmas

AYNANAT Arlanniing
0.0 6.72
1.5 6.80
15.0 6.72
2.5 6.72 "
30.0 6.56
31.5 6.56
45.0 6.48
52.5 6.42
60.0 6.00
67.5 5.60
75.0 5.20
82.5 5.04
90.0 4.88
91.5 4.56
105.0 4.32
112.5 4.16
120.0 4.24
127.5 4.16
135.0 4.48
142.5 4.72




150.0 4.92
157.5 5.12
165.0 5.36
1725 5.60
180.0 4.64
187.5 4.64
195.0 4.72
202.5 4.80
210.0 5.04
217.5 4.72
225.0 4438
2325 4.40
240.0 448
247.5 4.40
255.0 4.48
262.5 4.64
270.0 4.64
271.5 4.64
285.0 4.72
292.5 4.80
300.0 5.04
307.5 5.44
315.0 5.60
322.2 5.76
330.0 6.00
3375 6.32
345.0 6.64
3529 6.72
360.0 6.72

AT 4.1 uaaen1 v, yuesmnda ldvesdrineluszezriie 80 mufwas
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ANYNDIAT Alaaning
0.0 7.36
.5 7.20
15.0 7.02

22.5 6.80
30.0 6.40
315 6.16
45.0 5.76
52.5 5.76
60.0 5.36
67.5 5.04
75.0 4.64
82.5 4.32
90.0 432 °
91.5 4.48
105.0 4.64
112.5 4.88
120.0 5.04
7% 5.20
135.0 5.36
142.5 5.44
150.0 5.76
157.5 5.76
165.0 5.76
172.5 5.60
180.0 5.44
187.5 5.28
195.0 4.80
202.5 4.72
210.0 5.28
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ATYNEIAN Alaaniaa
217.5 4.80
225.0 4.72
2325 4.80
240.0 4.80
247.5 4.80
255.0 4.88
262.5 4.88
270.0 5.04
271.5 5.12
285.0 5.28
2925 5.36
300.0 5.68
307.5 5.84
315.0 6.08 ~
32222 6.40
330.0 6.56
337.5 6.86
345.0 7.04
352.5 7.12
360.0 7.36

AN 4.2 waasa v, yuosmnde lavesdr Tngluszezving 5o wudmag
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Formi

7107 4.1 ugraan T URiTzoz 80 URIIAS

319 42 uasnmuwninsuiiszes 50 wuAaS
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5109 4.3 uamemmunnis ualSouifounsees 50 uag 80 UAAS

AeUii 2

$1lwe vua 8 Tonsd 0.25 Sk

Mmsnaass lngmsned Inaae Tulas Iuveduiiusses 80 wuduas
udrdmualiaranailasuuneisinesaioaud 1000Hz 3000 Hz wag 5000z

M5 4.3 uaaei v, yuserinialavesds Ingiiaaua 1000 Hz

ANRNENAT Alaaning
0.0 3.80
15 3.34
15.0 3.28
22:5 2.88
30.0 292
375 2.64
45.0 2.56
525 232
60.0 2.16
67.5 2.00
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AN Arlaaniing
75.0 1.92
82.5 2.04
90.0 2.28
97.5 2.48
105.0 2.48
112.5 2.56
120.0 2.60
127.5 2.60
135.0 2.60
142.5 2.64
150.0 2.56
157.5 2.36
165.0 232
172.5 226 )
180.0 2.28
187.5 2.20
195.0 2.20

202.5 2.20
210.0 2.20
217.5 2.20
225.0 2.28
2325 2.36
240.0 2.44
247.5 2.52
255.0 2.72
262.5 3.12
270.0 3.40
271.5 3.40
285.0 3.60
292.5 3.64
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ANYNENAN Anlaavitna
300.0 3.64
307.5 3.64
315.0 3.64
322.5 3.72
330.0 3.76
3375 3.80
345.0 3.88
352.5 3.88
360.0 3.88

AINA 4.3 uaaem1 v, yussmiia lduesd Inefinnud 1000 Hz

ATNHEIAT Anlaarina

0.0 6.72
1.5 6.80
15.0 6.72
225 6.72
30.0 6.56
31.5 6.56
45.0 6.48
52.5 6.42
60.0 6.00
67.5 5.60
75.0 5.20
82.5 5.04
90.0 4.88
97.5 4.56
105.0 432
112.5 4.16
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ANHNDIAN Alaaviiaa
120.0 s
127.5 4.16
135.0 4.48
142.5 4.72
150.0 4.92
157.5 5.12
165.0 5.36
172.5 5.60
180.0 4.64
187.5 4.64
195.0 4.72
202.5 4.80
210.0 5.04
3RS 4 e
225.0 4.48
232.5 4.40
240.0 4.48
247.5 4.40
255.0 4.48
262.5 4.64
270.0 4.64
2715 4.64
285.0 472
292.5 4.80
300.0 5.04
307.5 5.44
315.0 5.60
322.2 5.76
330.0 6.00
337.5 6.32
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ANYNDIAN Alaaviiaa
345.0 6.64
352.5 6.72
360.0 6.72

AT 44 uarasm v, ywesenitia ldvesdr Tnsiinanud 3000 bz

ANNBNAT Alaaviine
0.0 6.72
7 6.80
15.0 6.72
28 6.72
30.0 6.56 .
315 6.56
45.0 6.48
52.5 6.24
60.0 6.00
67.5 5.60
75.0 5.20
82.5 5.04
90.0 4.88
97.5 4.56

105.0 4.32
112.5 4.16
120.0 4.24
127.5 4.16
135.0 4.48
142.5 4.72
150.0 4.92

34



ANHNBIAT Alaavilas
157.5 5.12
165.0 5.36
172.5 5.60
180.0 5.84
187.5 5.60
195.0 544
202.5 5.36
210.0 2,12
217.5 5.64
225.0 5.04
232.5 4.72
240.0 4.48
247.5 4.40
255.0 448 -~
262.5 4.64
270.0 4.64
271.5 4.64
285.0 4.72
292.5 4.80
300.0 5.04
307.5 5.44
315.0 5.60
3222 5.76
330.0 6.00
337.5 6.32
345.0 6.64
352.5 6.72
360.0 6.72
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General Description

The LM387 is a dual preamplifier for the amplification of low
level signals in applications requiring optimum noise per-
formance. Each of the two amplifiers is completely indepen-
dent, with an internal power supply decoupler-regulator, pro-
viding 110 dB supply rejection and 60 dB channel separa-
tion. Other outstanding features include high gain (104 dB),
large output voltage swing (Vo — 2V)p-p, and wide power
bandwidth (75 kHz, 20 Vp-p). The LM387A is a selected
version of the LM387 that has lower noise in a NAB tape
circuit, and can operate on a larger supply voltage. The
LM387 operates from a single supply across the wide range
of 9V to 30V, the LM387A operates on a supply of 9V to
40V.

The amplifiers are intemally compensated for gains greater
than 10. The LN387, LM387A is available in an 8-fead dual-
in-line package. The LM387, LM387A is biased like the
LM381. See AN-64 and AN-104.

NNational Semiconductor

LM387/LM387A Low Noise Dual Preamplifier

March 1987

Features
@ Low noise 1.0 pV total input noise
B High gain 104 dB open loop

= Single supply operation

B Wide supply range LM387 9 to 30V
LM387A 9 to 40V
| Power supply rejection 110dB

B Large output voltage swing (Vcc — 2V)p-p
8 Wide bandwidth 15 MHz unity gain

® Power bandwidth 75 kHz, 20 Vp-p

® Intemally compensated

B Short circuit protected

B Performance similar to LM381

Schematic and Connection Diagrams

Dual-In-Line Package

FIGURE 1. Fiat Gain Circuit (Ay = 1000)
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FIGURE 2. NAB Tape Circuit
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Absolute Maximum Ratings

i Military/Aerospace epecified devices are required, Power Dissipation (Nots 1) 1.5W
please contact the National Semiconductor Sales Operating Temperature Range 0°Cto +70°C
(S)fﬂo;/\tl)lah-buhors for avallability and specifications. St Temperature R —65°Cto +150°C
upply Voltage :
LM387 +30V Lead Temperature (Soldering, 10 sac.) 260°C
LM387A +40V
Electrical Characteristics 1, = 25°C, voc = 14V, unless otherwise stated
Parameter Conditions Min Typ Max Units
Voltage Gain Open Loop, f = 100Hz 160,000 VIV
Supply Current LM387, Vo V30V, R = o 10 mA
LM387A, Voo 8V-40V, R = oo 10 mA
Input Resistance
Positive Input 50 100 ko
Negative Input 200 kQ
Input Current
Negative Input - il A
Output Resistance Open Loop 150 Q
Output Cutrent Source 8 mA
Sink 2 mA
Output Voltage Swing Peak-to-Peak Vog—2 \'
Unity Gain Bandwidth 15 MHz
Large Signal Frequency 20 Vp-p (Vcc > 24V), 75 KkHz
Response THD < 1%
Maximum Input Volitage Linear Operation 300 mVrms
Supply Rejection Ratio f=1kHz
Input Referred 110 a8
Channel Separation f=1kHz 40 60 dB
Total Harmonic Distortion 60 dB Gain, f = 1 kHz 0.1 0.5 %
Total Equivalent Input 10 Hz—10,000 Hz
Noise (Flat Gain Cricuit) LM387 Figurs 1 14 I pyms
Output Noise NAB Tape Unweighted
Playback Circuit Gain of 37 dB LM387A Figure 2 60 R AVmig
Note 1: For op in ambient tempx above 25°C, the device mus! be deraled based on & 150°C maximum junction temperature and a thermal resistance

of 80°C/W junction to ambient.

Typical Applications (continved)
Two-Pale Fast Turn-ON NAB Tape Preamplifier
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Typical Performance Characteristics
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LM387/LM387A Low Noise Dual Preamplifier

Typical Applications (continued)
Inverting Amplifier Ultra-Low Distortion

g
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TL/H/7845-8

Physical Dimensions inches (mitlimeters)

Molded Dual-In-Line Package (N)
Order Number LM387N or LM387AN
NS Package Number NOSE

9.372-0.400
9 47a=10. m"

Typical Magnetic Phono Preamplifier
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LIFE SUPPORT POLICY

NATIONAL’S PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE SUPPORT
DEVICES OR SYSTEMS WITHOUT THE EXPRESS WRITTEN APPROVAL OF THE PRESIDENT OF NATIONAL

SEMICONDUCTOR CORPORATION. As used herein:

1. Life support devices or systems are devices or 2. A critical component is any component of a life

systems which, (a) are intended for surgical implant
into the body, or (b) support or sustain life, and whose
failure to perform, when properly used in accordance
with instructions for use provided in the fabeling, can
be reasonably expected to result in a significant injury
to the user.

support device or system whose failure to perform can
be reasonably expected to cause the failure of the life
support device or system, or to affect its safety or
effectiveness.

National

Corporation

1111 West Bardin Road
, TX 76017

Tel: 1(800) 272-9959

Fax: 1(800) 737-7018

Fax: (+49) 0-180-530 85 86

Email: cnwge®tevm2.nsc.com
Deutsch Tet (+49) 0-180-530 85 85
Engish Tel: (+49) 0-180-532 78 32
Frangais Tel: (+49) 0-180-532 93 58
Htaliano  Tel: (+49) 0-180-534 16 80

National Semiconductor
Konq Ltd. Japan Ltd.
Floor, Straight Block, Tel: 81-043-299-2309
Osr*e, 5 Canton Rd. Fax 81-043-299-2408
Tsimshatsui, Kowioon
Hong Kong
Tel: @SZ) 2737+ 1&)0
Fax (852) 2736

for use of eny circulry

the right st eny time without notca to chenge said circuitry end specifications.
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TDA2030A

18W Hi-Fi AMPLIFIER AND 35W DRIVER

DESCRIPTION

The TDA2030A is a monolithic IC in Pentawatt ®
package intended for use as low frequency class
AB amplifier.

With Vs max = 44V it is particularly suited for more
reliable applications without regulated supply and
for 35W driver circuits using low-cost complemen-
tary pairs.

The TDA2030A provides high output current and
has very low harmonic and cross-over distortion.
Further the device incorporates a short circuit pro-
tection system comprising an arrangement for
automatically limiting the dissipated power so as to
keep the working point of the output transistors
within their safe operating area. A conventional
thermal shut-down system is also included.

TYPICAL APPLICATION

PENTAWATT

ORDERING NUMBERS : TDA2030AH
TDA2030AV
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TDA2030A

PIN CONNECTION (Top view)
——d
5 Ng
M OUTPUY
3 Vg
2 INVERTING INPUY
{ NON ING
—— INVERTING INPUT
/ $-262811
tab connected to pin 3
TEST CIRCUIT
r—‘ )o\'s
Cs5| C3
L
cy g g
1uFE
v o—{f-5—Y
R3
R2 L7 raf ] IR
6800 s 0
c2 Cf.L ‘i c7
2 220{ 100 220nF
<R T
S- 48124 g RS
THERMAL DATA
Symbol Parameter Value Unit
Rih (case) | Thermal Resistance Junction-case Max 3 °CwW

2/15
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TDA2030A

ABSOLUTE MAXIMUM RATINGS

Symbol Parameter Value Unit
Vs Supply Voltage +22 A"
Vi Input Voltage Vs
Vi Differential Input Voltage +15 \Y
lo Peak Output Current (internally limited) 35 A

Prot Total Power Dissipation at Teags =90 °C 20 w

Tetg, Ty | Storage and Junction Temperature -40to+ 150 °C

ELECTRICAL CHARACTERISTICS
(Refer to the testcircuit, Vs =+ 16V, Tamp = 25°C unless otherwise specified)

Symbol Parameter Test Conditions Min. | Typ. | Max. | Unit
Vs Supply Voitage +6 +22 \"
lg Quiescent Drain Current 50 80 mA
Io Input Bias Current Vg =122V 0.2 2 HA

Vos Input Offset Voltage Vs =+ 22V +2 | +20| mV
los Input Offset Current +20 |+£200f nA
Po Output Power d=05%, G, = 26dB w
=40to 15000Hz _
RL=4Q 15 18
R.=8Q 10 12
Vg =+ 19V R, =8Q 13 | 16
BW Power Bandwidth Pp = 15W RL =4 100 kHz
SR Slew Rate 8 Viusec
Gy Open Loop Voltage Gain f=1kHz 80 dB
Gy Closed Loop Voltage Gain f= 1kHz 255 1| 26 | 26.5 dB
d Total Harmonic Distortion Po = 0.1to 14W R =4Q 0.08 %
f=40t0 15000Hz f=1kHz 0.03 %
Po=0.1to 9W, f = 40 to 15 000Hz
R =8Q 0.5 %
d2 Second Order CCIF Intermodulation | Po = 4W, f, — f; = 1kHz, R_ = 4Q 0.03 %
Distortion
ds Third Order CCIF Intermodulation f1 = 14kHz, f; = 15kHz 0.08 %
Distortion 21— = 13kHz
en Input Noise Volitage B =Curve A 2 Y
B =22Hz to 22kHz 3 10 Y
in Input Noise Current B =Curve A 50 pPA
B = 22Hz to 22kHz 80 | 200 pA
SIN Signal to Noise Ratio RL=4Q, R§ =10kQ, B= Curve A
Po = 15W 106 dB
Po = 1W 94 aB
R Input Resistance (pin 1) (open loop) f= 1kHz 0.5 5 MQ
SVR Supply Voltage Rejection RL=4Q, Ry = 22kQ 54 dB
Gy = 26dB, f =100 Hz
T Thermal Shut-down Junction 145 °C
Temperature
L5z 3/15




TDA2030A

Figure 1 : Single Supply Amplifier
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TDA2030A

Figure 6 : Large Signal Frequency Response Figure 7: Maximum Allowable Power Dissipation
versus Ambient Temperature
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Figure 8 : Output Power versus Supply Voltage ~ Figure 9 Total Harmonic Distortion versus
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TDA2030A

Figure 12 : Single Supply High Power Amplifier (TDA2030A + BD907/BDS08)
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TDA2030A

TYPICAL PERFORMANCE OF THE CIRCUIT OF FIGURE 12

Symbol Parameter Test Conditions Min. | Typ. | Max. | Unit
Vs Supply Voltage 36 44 Vv
lg Quiescent Drain Current Vs = 36V 50 mA
Po Output Power d=0.5%,R. =4Q,f=40zto 15Hz
Vs = 39V 35 w
Vs =36V 28 w
d=10%, R.=4Q, f= 1kHz
Vs =39V 44 w
Vg = 36V 35 w
Gy Voltage Gain f=1kHz 195 | 20 {205 dB
SR Slew Rate 8 Viusec
d Total Harmonic Distortion f= 1kHz 0.02 %
Py = 20W f= 40Hz to 15kHz 0.05 %
Vi Input Sensitivity Gy =20dB, f= 1kHz, P, = 20W, R = 4Q 890 mvV
SIN Signal to Noise Ratio RL=4Q, Ry = 10kQ, B = Curve A dB
Po = 25W 108
Po = 4W 100

Figure 14 : Typical Amplifier with Spilt Power Supply
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Figure 15 : P.C. Board and Component Layout for the Circuitof Figure 14 (1:1 scale)
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Features

¢ Compatible with MCS-51™ Products

¢ 2K Bytes of Reprogrammable Flash Memory
— Endurance: 1,000 Write/Erase Cycles

2.7V to 6V Operating Range :

Fully Static Operation: 0 Hz to 24 MHz

Two-level Program Memory Lock

128 x 8-bit Internal RAM

15 Programmable I/O Lines

Two 16-bit Timer/Counters

Six Interrupt Sources

Programmable Serial UART Channel

Direct LED Drive Outputs

On-chip Analog Comparator

Low-power Idle and Power-down Modes

Description

The AT89C2051 is a low-voltage, high-performance CMOS 8-bit microcomputer with
2K 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 MCS-51 instruction set. By combining a
versatile 8-bit CPU with Flash on a monolithic chip, the Atmel AT89C2051 is a power-
ful microcomputer which provides a highly-flexible and cost-effective solution to many
embedded control applications.

The AT89C2051 provides the following standard features: 2K bytes of Flash, 128
bytes of RAM, 15 I/Q lines, two 16-bit timer/counters, a five vector two-level interrupt
architecture, a full duplex serial port, a precision analog comparator, on-chip oscillator
and clock circuitry. In addition, the AT89C2051 is designed with static logic for opera-
tion 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 Configuration

PDIP/SOIC
o7

RSTVPP [ 1 2003Jvce

(RXD) P3.0 ]2 193 P17

(TXD)P3.1 3 18[1P1.6

XTAL2 [ 4 17[dP15

XTAL1 5 16[1P1.4

(INTO) P3.2[0 6 15(JP1.3

(INTT) P3.307 1403P12
(TO)P3.48 13[P1.1 (AIN1)
(T1)P3509 12 [ P1.0 (AINO)

GND ] 10 11 P37

ATMEL

BTy )

8-bit
Microcontroller
with 2K Bytes
Flash

AT89C2051

Rev. 0368E—02/00



PORT 1 DRIVERS

PORT 3 DRIVERS
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Pin Description

vcC
Supply voltage.

GND
Ground.

Port 1

Port 1 is an 8-bit bi-irectional I/O port. Port pins P1.2 to
P1.7 provide internal pullups. P1.0 and P1.1 require exter-
nal pullups. P1.0 and P1.1 also serve as the positive input
(AINO) and the negative input (AIN1), respectively, of the
on-chip precision analog comparator. The Port 1 output
buffers can sink 20 mA and can drive LED displays directly.
When 1s are written to Port 1 pins, they can be used as
inputs. When pins P1.2 to P1.7 are used as inputs and are
extemally pulled low, they will source current (I, ) because
of the internal pullups.

Port 1 also receives code data during Flash programming
and verification.

Port 3

Port 3 pins P3.0 to P3.5, P3.7 are seven bi-irectional 1/0
pins with internal pullups. P3.6 is hard-wired as an input to
the output of the on-chip comparator and is not accessible
as a general purpose I/O pin. The Port 3 output buffers can
sink 20 mA. 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 AT89C2051 as listed below:

Port Pin Alternate Functions
P3.0 RXD (serial input port)
P3.1 TXD (serial output port)
P3.2 INTO (external interrupt 0)
P3.3 INTT (external interrupt 1)
P3.4 TO (timer O external input)
P3.5 T1 (timer 1 external input)

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

RST

Reset input. All I/O pins are reset to 1s as soon as RST
goes high. Holding the RST pin high for two machine
cycles while the oscillator is running resets the device.

Each machine cycle takes 12 oscillator or clock cycles.

XTAL1

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

XTAL2
Output from the inverting oscillator amplifier.

Oscillator Characteristics

XTAL1 and XTAL2 are the input and output, respectively,
of an inverting amplifier which can be configured for use as
an on-chip oscillator, as shown in Figure 1. Either a quartz
crystal or ceramic resonator may be used. To drive the
device from an external clock source, XTAL2 should be left
unconnected while XTAL1 is driven as shown in Figure 2.
There are no requirements on the duty cycle of the extemnal
clock signal, since the input to the internal clocking circuitry
is through a divide-by-two flip-flop, but minimum and maxi-
mum voltage high and low time specifications must be
observed.

Figure 1. Oscillator Connections

c2
—-—)|——I—— XTAL2
]
c1
—) XTAL1
GND

Note: C1,C2 =30 pF + 10 pF for Crystals

=40 pF = 10 pF for Ceramic Resonators

Figure 2. External Clock Drive Configuration

NC ————— XTAL2
EXTERNAL
OSCILLATOR XTAL1
SIGNAL

GND

-
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Special Function Registers
A map of the on-chip memory area called the Special Func-
tion Register (SFR) space is shown in the table below.

Note that not all of the addresses are occupied, and unoc-
cupied addresses may not be implemented on the chip.
Read accesses to these addresses will in general return

Table 1. AT89C2051 SFR Map and Reset Values

random data, and write accesses will have an indetermi-
nate effect.

User software should not write 1s to these unlisted loca-
tions, since they may be used in future products to invoke
new features. In that case, the reset or inactive values of
the new bits will always be 0.

OF8H OFFH
OFOH B OF7H
00000000
0E8H OEFH
OEOH | AcC 0E7H
00000000
0D8H ODFH
ODOH |  PSW 0D7H
00000000
0C8H ’ OCFH
0COH 0C7H
0B8H IP OBFH
XXX00000
0BOH P3 0B7H
1111111
0ABH IE OAFH
0XX00000
0AOH 0ATH
98H | SCON SBUF OFH
00000000 | XXXXXXXX
90H P1 97H
11111111
88H | TCON TMOD TLo L1 THO TH1 8FH
00000000 | 00000000 | 00000000 | 00000000 | 00000000 | 00000000
80H SP DPL DPH PCON | 87H
00000111 | 00000000 | 00000000 0XXX0000
4 AT89C2051 vt S e S B e A e ]
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Restrictions on Certain Instructions

The AT89C2051 and is an economical and cost-effective
member of Atmel’s growing family of microcontrollers. It
contains 2K bytes of flash program memory. It is fully com-
patible with the MCS-51 architecture, and can be
programmed using the MCS-51 instruction set. However,
there are a few considerations one must keep in mind
when utilizing certain instructions to program this device.

All the instructions related to jumping or branching should
be restricted such that the destination address falls within
the physical program memory space of the device, which is
2K for the AT89C2051. This should be the responsibility of
the software programmer. For example, LIMP 7EOH
would be a valid instruction for the AT89C2051 (with 2K of
memory), whereas LJMP 900H would not.

1. Branching instructions:
LCALL, LUMP, ACALL, AJMP, SIMP, JMP @A+DPTR

These unconditional branching instructions will execute
correctly as long as the programmer keeps in mind that the
destination branching address must fall within the physical
boundaries of the program memory size (locations 00H to
7FFH for the 89C2051). Violating the physical space limits
may cause unknown program behavior.

CJINE [...], DUNZ[...], JB, JNB, JC, INC, JBC, JZ, JNZ With
these conditional branching instructions the same rule
above applies. Again, violating the memory boundaries
may cause erratic execution.

For applications involving interrupts the normal interrupt
service routine address locations of the 80C51 family archi-
tecture have been preserved.

2. MOVX-related instructions, Data Memory:
The AT89C2051 contains 128 bytes of internal data mem-

ory. Thus, in the AT89C2051 the stack depth is limited to

128 bytes, the amount of available RAM. External DATA
memory access is not supported in this device, nor is exter-
nal PROGRAM memory execution. Therefore, no MOVX
[-..] instructions should be included in the program.

A typical 80C51 assembler will still assemble instructions,
even if they are written in violation of the restrictions men-
tioned above. It is the responsibility of the controller user to
know the physical features and limitations of the device
being used and adjust the instructions used
correspondingly.

Program Memory Lock Bits

On the chip are two lock bits which can be left unpro-
grammed (U) or can be programmed (P) to obtain the
additional features listed in the table below:

Lock Bit Protection Modes("

Program Lock Bits
LB1 LB2 | Protection Type
1 U U No program lock features.
2 P U Further programming of the Flash
is disabled.
3 R P Same as mode 2, also verify is
disabled.
Note: 1. The Lock Bits can only be erased with the Chip Erase
operation.
Idle Mode

In idle mode, the CPU puts itself to sleep while all the on-
chip peripherals remain active. The mode is invoked by
software. The content of the on-chip RAM and all the spe-
cial functions registers remain unchanged during this
mode. The idle mode can be terminated by any enabled
interrupt or by a hardware reset.

P1.0 and P1.1 should be set to “0” if no external pullups are
used, or setto “1” if external pullups are used.

It should be noted that when idle is terminated by a hard-
ware reset, the device normally resumes program
execution, from where it left off, up to two machine cycles
before the internal reset algorithm takes control. On-chip
hardware inhibits access to internal RAM in this event, but
access to the port pins is not inhibited. To eliminate the
possibility of an unexpected write to a port pin when Idle is
terminated by reset, the instruction following the one that
invokes ldle should not be one that writes to a port pin orto
external memory.

Power-down Mode

In the power down mode the oscillator is stopped, and the
instruction that invokes power down is the last instruction
executed. The on-chip RAM and Special Function Regis-
ters retain their values until the power down mode is
terminated. The only exit from power down is a hardware
reset. Reset redefines the SFRs but does not change the
on-chip RAM. The reset should not be activated before Vee
is restored to its normal operating level and must be held
active long enough to allow the oscillator to restart and
stabilize.

P1.0 and P1.1 should be set to “0” if no external pullups are
used, or set to “1” if external pullups are used.

AIMEL : 5
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Programming The Flash

The AT89C2051 is shipped with the 2K bytes of on-chip
PEROM code memory array in the erased state (i.e., con-
tents = FFH) and ready to be programmed. The code
memory array is programmed one byte at a time. Once the
array is programmed, to re-program any non-blank byte,
the entire memory array needs to be erased electrically.

Internal Address Counter: The AT89C2051 contains an
internal PEROM address counter which is always reset to
000H on the rising edge of RST and is advanced by apply-
ing a positive going pulse to pin XTALI1.

Programming Algorithm: To program the AT89C2051,

the following sequence is recommended.

1. Power-up sequence:
Apply power between V¢ and GND pins
Set RST and XTAL1 to GND

2. Set pin RST to “H”
Set pin P3.2 to “H”"

3. Apply the appropriate combination of “H” or “L” logic
levels to pins P3.3, P3.4, P3.5, P3.7 to select one of the
programming operations shown in the PEROM Pro-
gramming Modes table.

To Program and Verify the Array:

4. Apply data for Code byte at location 000H to P1.0 to
P1.7.

5. Raise RST to 12V to enable programming.

6. Pulse P3.2 once to program a byte in the PEROM array
or the lock bits. The byte-write cycle is self-timed and
typically takes 1.2 ms.

7. To verify the programmed data, lower RST from 12V to
logic “H” level and set pins P3.3 to P3.7 to the appropiate
levels. Output data can be read at the port P1 pins.

8. To program a byte at the next address location, pulse
XTAL1 pin once to advance the internal address
counter. Apply new data to the port P1 pins.

9. Repeat steps 5 through 8, changing data and advancing
the address counter for the entire 2K bytes array or until
the end of the object file is reached.

10.Power-off sequence:
set XTAL1 to “L”
set RST to “L”

Tum V¢ power off

Data Polling: The AT89C2051 features Data Polling to

indicate the end of a write cycle. During a write cycle, an

attempted read of the last byte written will result in the com-
plement of the written data on P1.7. Once the write cycle
has been completed, true data is valid on all outputs, and

the next cycle may begin. Data Polling may begin any time
after a write cycle has been initiated.

Ready/Busy: The Progress of byte programming can also
be monitored by the RDY/BSY output signal. Pin P3.1 is

‘pulled low after P3.2 goes High during programming to indi-

cate BUSY. P3.1 is pulled High again when programming is
done to indicate READY.

Program Verify: If lock bits LB1 and LB2 have not been

programmed code data can be read back via the data lines

for verification:

1. Reset the internal address counter to 000H by bringing
RST from “L” to “H”.

2. Apply the appropriate control signals for Read Code data
and read the output data at the port P1 pins.

3. Pulse pin XTAL1 once to advance the internal address
counter.

4. Read the next code data byte at the port P1 pins.
5. Repeat steps 3 and 4 until the entire array is read.

The lock bits cannot be verified directly. Verification of the
lock bits is achieved by. observing that their features are
enabled.

Chip Erase: The entire PEROM array (2K bytes) and the
two Lock Bits are erased electrically by using the proper
combination of control signals and by holding P3.2 low for
10 ms. The code array is written with all “1”s in the Chip
Erase operation and must be executed before any non-
blank memory byte can be re-programmed.

Reading the Signature Bytes: The signature bytes are
read by the same procedure as a normal verification of
locations 000H, 001H, and 002H, except that P3.5 and
P3.7 must be pulled to a logic low. The values returned are
as follows.

(000H) = 1EH indicates manufactured by Atmel
(001H) = 21H indicates 89C2051

Programming Interface

Every code byte in the Flash array can be written and the
entire array can be erased by using the appropriate combi-
nation of control signals. The write operation cycle is self-
timed and once initiated, will automatically time itself to
completion.

All major programming vendors offer worldwide support for
the Atmel microcontroller series. Please contact your local
programming vendor for the appropriate software revision.
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Flash Programming Modes

Mode RST/VPP P3.2/PROG P3.3 P3.4 P3.5 P37
Write Code Data("® 12v L H H H
S
Read Code Data‘ H H L H H
Write Lock Bit - 1 12V H H H
—~_
Bit-2 12V H H L L
—~_
Chip Erase 12v @) H L L L
Y
Read Signature Byte H H L L L L.
Notes: 1. The internal PEROM address counter is reset to 000H on the rising edge of RST and is advanced by a positive pulse at
XTAL 1 pin.
2. Chip Erase requires a 10 ms PROG pulse. LN )
3. P3.1is pulled Low during programming to indicate RDY/BSY.
Figure 3. Programming the Flash Memory Figure 4. Verifying the Flash Memory
5V B 5V
AT89C2051 AT89C2051
RDY/BSY <—— P3.1 Veo Vee
e PGM PGM
PROG  ——| P32 BLGCRS T Vg —» P32 P e b
——»{ P3.3 —» P33
SEE FLASH —— | P34 SEE FLASH —p| P34
PROGRAMMING PROGRAMMING
MODES TABLE | ——» P3.5 MODES TABLE | ——»p{ P35
—— 3 P37 —p P3.7
_ I —» x1au RST [—— Vi/Vio _ ] > x1AU1 RST {[¢—— Vy
TO INCREMENT GND GND
ADDRESS COUNTER
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General Description
The ADCO0801,

facing logic is needed.

Features

ADC0802, ADC0803, ADCO804 and
ADC0805 are CMOS 8-bit successive approximation A/D
converters that use a differential potentiometric ladder—
similar to the 256R products. These converters are de-
signed to allow operation with the NSC800 and INS8080A
derivative control bus with TRI-STATE® output latches di-
rectly driving the data bus. These A/Ds appear like memory
locations or 1/0 ports to the microprocessor and no inter-

Differential analog voltage inputs allow increasing the com-
mon-mode rejection and 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.

| Compatible with 8080 pP derivatives—no interfacing

&National Semiconductor

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

B Differential analog voltage inputs
Logic inputs and outputs meet both MOS and TTL volt-

]
age level specifications

On-chip clock generator

supply
No zero adjust required

Key Specifications
® Resolution
® Total error

Works with 2.5V (LM336) voltage reference

0V to 5V analog input voltage range with single 5V
0.3" standard width 20-pin DIP package
20-pin molded chip caitier or small outline package

Operates ratiometrically or with 5 Vpg, 2.5 Vpg, or ana-
log span adjusted voltage reference

+% LSB, £, LSB and +1 LSB

December 1994

8 bits

Z-80% is a registered trademark of Ziog Corp.

logic needed - access time - 135 ns = Conversion time 100 pus
m Easy interface to all microprocessors, or operates
“stand alone”
Typical Applications 1
sv
m‘——*b i vee [ T
—f cLK A
R 1 e TRANSOUCER
i & wm CLKIN 160 9F, T e Breron
< 1 oer < | ovemany oesiren
w 12 g S ANALOG INFUT
: e P [
RISy <le :: ogs K DIFF INPUTS :
- ot Nt
:: o83 oo | L
<— i3 9 SPAN ADJ
7 VREFZ (~——O SEESECTION "= =
< 081 241
<+ i 080 D GND 2
TL/H/5671-1
8080 Intgg9y Error Specification (Includes Full-Scale,
Zero Error, and Non-Linearity)
& f———»p0
Part SF:aI:_e VREF/2=2.500 Vp¢ | VRer/2=No Connection
D O Number R (No Adjustments) (No Adjustments)
— Adjusted
% Wm———0 - ADC0801 | +1,LSB
0048,
€T, 04— ] ¥R ADC0802 +,LSB
<: ADC0803 | +1,1SB
DATA
ADC0804 +1LSB
ADCO0805 +1LSB
TL/H/5671-31
TRISTATE® is a of National Corp.

©1895 National Semiconductor Corporation

TL/H/56T1

RRAD-B30M115/Printed in U.S. A.
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Absolute Maximum Ratings (otes 1&2)

If Military/Aerospace specified devices are required,

Storage Temperature Range

—65°Cto +150°C

please contact “‘: National Semiconductor Sales Package Dissipation at To=25°C 875 mW
Office/Distributors for availability and specifications. ESD Susceptibility (Note 10) 800V
Supply Voltage (Vcg) (Note 3) 6.5V
Voltage i i tes 1 &2
Logic Control Inputs —0.3V to + 18V %’e:?ter;g::at NGS Motes T) —_—
At Other Input and Dutput —0.3V +0.3 peratun MIN=TAS TMAX
Laaxt Termp, etdrines 10 saconds) Pl ADC0B01/02LJ, ADCOBO2LJ/883 —55°CSTas +125°C
Dual-In-Line Packagé (plastic) 260°C ADC0801/02/03/04L.CJ —40°C<Tp< +85°C
inl i : o ADC0801/02/03/05LCN —40°C<Tpo< +85°C
Dual-In-Line Package (ceramic) 300°C
Surface Mount Packa ADCO804LCN 0°C<Tp<+70°C
“V ace Pﬁ:" :.f ge ’ - ADC0802/03/04LCV 0°C<Tp< +70°C
] ‘;‘W b 1;‘3 ( nsgzm s) ST ADC0802/03/04LCWM 0°C<Tp< +70°C
nérared (15 saconds) Range of Voo 4.5Vpg 10 6.3 Vpg
Electrical Characteristics
The following specifications apply for Vog=>5 Vpg, TMINSTA< Tpmax and fo k=640 kHz unless otherwise specified.
Parameter Conditions Min Typ Max Units
ADC0801: Total Adjusted Error (Note 8) With Full-Scale Adj. +1, LSB
(See Section 2.5.2) ¢
ADC0802: Total Unadjusted Error (Note 8) | VRep/2=2.500 Vpg 1+, LSB
ADCO0803: Total Adjusted Error (Note 8) With Full-Scale Adj. +1, LS8
(See Section 2.5.2) 5
ADCO0804: Total Unadjusted Eror (Note 8) VREF/2=2.500 Vpg 1 LSB
ADC0805: Total Unadjusted Error (Note 8) VRer/2-No Connection +1 LSB
VRer/2 Input Resistance (Pin 9) ADCO0801/02/03/05 25 8.0 kQ
ADC0804 (Note 9) 0.75 1.1 kQ
Analog Input Voltage Range (Note 4) V(+) or V(—) Gnd-0.05 Voe+0.05 Vbpc
DC Common-Mode Error Over Analog Input Voltage + Y6 EVA LSB
Range |-
Power Supply Sensitivity Vee=5 Vpg +10% Over +Vie +% LSB
Allowed V|n(+) and Vin(—)
Voltage Range (Note 4)
AC Electrical Characteristics
The following specifications apply for Vog=5 Vpc and Ta=25°C unless otherwise specified.
Symbol Parameter Conditions Min Typ Max Units
Tc Conversion Time foLK=640 kHz (Note 6) 103 114 us
Tc Conversion Time (Note 5, 6) 66 73 1/fcLk
foLk Clock Frequency Vec=5V, (Note 5) 100 640 1460 kHz
Clock Duty Cycle {Note 5) 40 60 %
CR Conversion Rate in Free-Running INTR tied to WR with 8770 9708 conv/s
Mode CS=0 Vpg, foLx =640 kHz
twwmL Width of WR Input (Start Pulse Width) CS=0 Vpg (Note 7) 100 ns
tacc Access Time (Delay from Falling C =100 pF 135 200 ns
Edge of RD to Output Data Valid)
tin, ton TRI-STATE Control (Delay C_ =10 pF, R_ =10k 125 200 ns
from Rising Edge of RD to (See TRI-STATE Test
Hi-Z State) Circuits)
twi tRi Delay from Falling Edge 300 450 ns
of WR or RD to Reset of INTR
Cin Input Capacitance of Logic 5 75 pF
Control Inputs
Cout TRI-STATE Output 5 75 pF
Capacitance (Data Buffers)
CONTROL INPUTS [Note: CLK IN (Pin 4) is the input of a Schmitt trigger circuit and is therefore specified separately]
Vin (1) Logical “1" Input Voltage Vee=5.25 Vpg 2.0 15 Vpo
(Except Pin 4 CLK IN)




AC Electrical Characteristics continued)
The following specifications apply for Vg = 5Vbc and Tmin < Ta < Tmax, unless otherwise specified.

Symbol l Parameter I Conditions I Min I Typ | Max | Units

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

Vin (0) Logical “0” Input Voltage Vec=4.75 Vpg 0.8 Vpc
(Except Pin 4 CLK IN)

N (1) Logical **1” Input Current ViN=5 Vpg 0.005 1 HADC
(All Inputs)

Iin (0) Logical “0” Input Current VIN=0Vp¢ —1 —0.005 1ADG
(All Inputs)

CLOCK IN AND CLOCK R

Vr+ CLK IN (Pin 4) Positive Going 27 3.1 35 Vpc
Threshold Voltage

Vr— CLK IN (Pin 4) Negative 15 1.8 21 Vpo
Going Threshold Voltage

VH CLK IN (Pin 4) Hysteresis 0.6 1.3 2.0 Vpc
Vr+)—(v1-)

Vout (0) Logical “0” CLK R Output 10=360 A 0.4 Vpc
Voltage Vo =4.75 Vpg

Vour (1) Logical 1" CLK R Output lo=—360 pA 2.4 Vpc
Voltage Vec=4.75Vpg

DATA OUTPUTS AND INTR

Vour (0) Logical “0” Output Voltage
Data Outputs louT=1.6 MA, Vog=4.75 g 0.4 Vpc
INTR Output lour=1.0 mMA, Voo =4.75 Vpg 0.4 Vpc

Vour (1) Logical "'1” Qutput Voltage lo=—360 1A, Voo =4.75 Vpg 24 Voo

Vour (1) Logical *“1” Output Voltage lo=—10 pA, Vog=4.75 Vpg 45 Vpc

lout TRI-STATE Disabled Output Voutr=0 Vpc 13 HADC
Leakage (All Data Buffers) Vout=5 Vpc 3 RADG

IsouRce Vour Short to Gnd, To=25°C 45 6 mApc

IsiNK Vout Short to Vg, Ta=25°C 9.0 16 mApG

POWER SUPPLY

lcc Supply Current (Includes foLk =640 kHz,
Ladder Current) VRer/2=NC, Tp=25°C

and CS=5V

ADC0801/02/03/04L.CJ/05 1.1 1.8 mA
ADCOB04LCN/LCV/LCWM 1.9 25 mA

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

Note 2: All voltages are measured with respect to Gnd, unless otherwise specitfied. The separate A Gnd point should always be wirad to the D Gnd.

Note 3: A zener diode exists, intemally, from Vee to Gnd and has a typical breakdown voltage of 7 Vpg.

Note 4: For Vy(—)> Vin(+) the digital output code will be 0000 0000. Two on-chip diodes are tied 1o 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 Vog supply. Be careful, during testing at low Vg levels (4.5v),
as high level analog inpuls (5V) can cause this input diode to conduct. ially at el d P , and cause errors for analog inputs near full-scale. The
spec allows 50 mV forward bias of either diode. This means thal as long as the analog Vyy does not exceed the supply voitage by more than 50 mV, the output
code will be ‘correct. To achieve an absolute 0 Vpc to § Vpg input voltage range will therefore require a minimum supply voltage of 4.950 Vpc over temperature
variations, initial tolerance and loading.

Nate 5: Accuracy is guarantesd at fo) i = 640 kHz. At higher clock freq y can deg For lower clock frequencias, the duty cycle limits can be
extended so long as the minimum clock high time interval or minimum clock low time interval is no less than 275 ns.

Note 6: With an asynchronous start pulse, up 10 8 clock periods may be required before the intemal clock phasas are proper to start the conversion process. The
start request is internally latched, see Figure 2 and section 2.0.

Note 7: The CS input is assumed to bracket the WR strobe input and therefore 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 iniliated by the low 1o high transition of the WR pulse (see iming diagrams).

Note 8: None of these A/Ds requires a zero adjust (see section 2.5.1). To oblain zero code at other analog input voltages see section 2.5 and Figure 5.

Note 9: The Vpgr/2 pin is the center point of a two-resistor divider connected from Ve to ground. In all versions of the ADC0801, ADC0802, ADC0803, and
ADCO8O0S5, and in the ADCOB04LCJ, each resistor is typically 16 k2. In all versions of the ADC0804 except the ADCOB04LCJ, each resistor is typically 2.2 k2.
Note 10: Human body model, 100 pF discharged through a 1.5 k2 resistor.




Typical Performance Characteristics
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Logic Input Threshold Voltage RD to Output Data Valid CLK IN Schmitt Trip Levels
vs. Supply Voltage vs. Load Capacitance vs. Supply Vottage
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TRI-STATE Test Circuits and Waveforms

tu t1H, CL=10 pF " toH ton, CL=10 pF
Vee
v
(3 .
- Vee 0%
D 50%
RD para 10k
& ouTPUT &ND L
1H RD: oaTA
° 106 Vou &5 ouTeUT
DATA 0% o
l oUTPUTS
= = = £ 6o I vou 10%
,=20ns L=20ns TL/H/5671-3
Timing Diagrams (ai timing is measured from the 50% voltage points)
START
CONVERSION
. Y. A
WA F
—dt—]
W l—
—= WL f~— “BUSY"
ACTUAL INTERNAL X_oarasvavom
STATUS OF THE “NOT BUSY ‘ QUTPUT LATCHES
CONVERTER
e——— 1708 x 1k INTERNAL T

(LAST DATA WAS READ)

(LAST DATA WAS NOT READ) o

Output Enable and Reset INTR

INTR RESET

o\

INT ASSERTED

DATA
OUTPUTS

tacc

—{ a0

Note: Read strobe must occur 8 clock periods (8/fcLk) after assertion of interrupt to guarantee reset of INTR.

TRISTATE®

TL/H/5671-4




Typical Applications (continued)
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Dwg. No. A-954

Note that the ULN20xxA series (dual in-line
package) and ULN20xxL series (small-outline
IC package) are electrically identical and share
a common terminal number assignment.

ABSOLUTE MAXIMUM RATINGS
Output Voltage, V.

(ULN200xA and ULN200xL) ........ S0V
(ULN202xA and ULN202xL) ........ 95V

il R 1 RS R——— 0V
Continuous Output Current,

T sssanmassimtnnisianncnsnasonsecennsuosasassssss 500 mA
Continuous Input Current, | SR 25 mA
Power Dissipation, P,

(one Darlington pair)..................... 1.0W

(total package) ........ccocuuu....... See Graph
Operating Temperature Range,

Ty svsvmmemmammansians -20°C to +85°C
Storage Temperature Range, :

O -55°C to +150°

HIGH-VOLTAGE, HIGH-CURRENT
DARLINGTON ARRAYS

Ideally suited for interfacing between low-level logic circuitry and |
multiple peripheral power loads, the Series ULN20xxA/L high-voltage,
high-current Darlington arrays feature continuous load current ratings
to 500 mA for each of the seven drivers. At an appropriate duty cycle
depending on ambient temperature and number of drivers turned ON
simultaneously, typical power loads totaling over 230 W (350 mA x 7,
95 V) can be controlled. Typical loads include relays, solenoids,
stepping motors, magnetic print hammers, multiplexed LED and
incandescent displays, and heaters. All devices feature open-collector
outputs with integral clamp diodes.

The ULN2003A/L and ULN2023A/L have series input resistors
selected for operation directly with 5 V TTL or CMOS. These devices
will handle numerous interface needs — particularly those beyond the
capabilities of standard logic buffers.

The ULN2004A/L and ULN2024A/L have series input resistors for
operation directly from 6-to 15 V. CMOS or PMOS logic outputs.

The ULN2003A/L and ULN2004A/L are the standard Darlington
arrays. The outputs are capable of sinking 500 mA and will withstand
at least 50 V in the OFF state. Outputs may be paralleled for higher
load current capability. The ULN2023A/L and ULN2024A/L will
withstand 95 V in the OFF state.

These Darlington arrays are furnished in 16-pin dual in-line plastic
packages (suffix “A”) and 16-lead surface-mountable SOICs (suffix
“L”). All devices are pinned with outputs opposite inputs to facilitate
ease of circuit board layout. All devices are rated for operation over the
temperature range of -20°C to +85°C. Most (see matrix, next page) are
also available for operation to -40°C; to order, change the prefix from
“ULN” to “ULQ".

FEATURES

B TTL, DTL, PMOS, or CMOS-Compatible Inputs

B Output Current to 500 mA

B Output Voltage to 95 V

B Transient-Protected Outputs

B Dual In-Line Plastic Package or Small-Outline IC Package

x = digit to identify specific device. Characteristic shown applies to family of
devices with remaining digits as shown. See matrix on next page.

jeays ejeq
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HIGH-VOLTAGE,
HIGH-CURRENT
DARLINGTON ARRAYS
DEVICE PART NUMBER DESIGNATION
VCE(MAX) 50V 95Vv
i 500 mA 500 mA
Logic Part Number
5v ULN2003A* ULN2023A*
TTL, CMOS ULN2003L* ULN2023L
6-15Vv ULN2004A* ULN2024A
CMOS, PMOS ULN2004L* ULN2024L
*Also available for operation between -40°C and +85°C. To order, change
PARTIAL SCHEMATICS

prefix from “ULN” to “ULQ”.
ULN20x3A/L (Each Driver)

—»+—o COM

25

2.0

o\
I

A, R 0 =60°CW

\\
N P

\\\
SUFFIX L', R, =90°C/W \\

125

1.5
Dwg. No. A-9651

ULN20x4A/L (Each Driver)

1.0

0.5

25 50 75 100

AMBIENT TEMPERATURE IN °C

150

ALLOWABLE PACKAGE POWER DISSIPATION IN WATTS

Dwyg. GP-006A

Dwg. No. A-9898A X = Digit to identify specific device. Speciﬁcationr shown applies to family of

devices with remaining digits as shown. See matrix above,

115 Northeast Cutoff, Box 15036
Worcester, Massachusetts 01615-0036 (508) 853-5000
Copyright © 1974, 1998 Allegro MicroSystems, Inc.
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HIGH-VOLTAGE,
HIGH-CURRENT
DARLINGTON ARRAYS

Typeé ULN2023A, ULN2023L, ULN2024A, and ULN2024L
ELECTRICAL CHARACTERISTICS at +25°C (unless otherwise noted).

Test Applicable Limits
Characteristic Symbol | Fig. Devices Test Conditions Min. Typ. Max. Units
Output Leakage Current | Icgx 1A All Vee=95V, Tp =25°C — <1 50 HA
Vee =95V, Tp =70°C — <1 100 HA
1B ULN2024A/L | Vo =95V, TA=70°C,Vjy=1.0V| — <5 500 pA
Collector-Emitter Vee(san 2 All Ic =100 mA, Ig =250 pA — 0.9 1.1 \"
Saturation Voltage Ic =200 mA, Ig = 350 pA — 11 13 Vv
Ic = 350 mA, Ig = 500 pA — 1.3 1.6 v
Input Current lingon) 3 ULN2023A/L | Viy=3.85V — 093 135 mA
ULN2024A/L | Viy=5.0V — 035 0.5 mA
Vin=12V — 1.0 145 mA
liN(OFF) 4 All Ic =500 gA, Ty = 70°C 50 65 — HA
Input Voltage Vinon) 5 ULN2023A/L | Vg =2.0V, 1o =200 mA — — 24 \%
Vee=2.0V, I =250 mA - — 2.7 \/
Vee=2.0V,Ic =300 mA — — 3.0 \'
ULN2024A/L | Vee=2.0V,lc=125mA — — 5.0 \/
Vee =20V, Ic=200mA — — 6.0 \
Ve =20V, lg=275mA — — 7.0 \
Vce=2.0V, lc=350mA — — 8.0 \
Input Capacitance Cin — Al — 15 25 pF
Turn-On Delay tpLH 8 All 0.5 Ej\ to 0.5 Egyt — 025 1.0 us
Turn-Off Delay tPHL 8 All 0.5 Ento 0.5 Eqyt — 025 1.0 us
Clamp Diode IR 6 All VR=95V, Tp =25°C — — 50 pA
Leakage Current VR =95V, Tp = 70°C - — 100 HA
Clamp Diode VE 7 All Ir =350 mA — 17 20 \%
Forward Voltage

Complete part number includes suffix to identify package style: A =DIP, L = SOIC.

115 Northeast Cutoff, Box 15036

Worcester, Massachusetts 01615-0036 (508) 853-5000
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HIGH-VOLTAGE,
HIGH-CURRENT
DARLINGTON ARRAYS
TEST FIGURES
FIGURE 1A FIGURE 1B

OPEN

Vee

oreN Vce

Vin

l

Dwg. No. A-9729A

Dwg. No. A-9730A

FIGURE 3

FIGURE 4

OPEN

O OPEN

Dwg. No. A-9732A

Dwg. No. A-9733A

FIGURE 6 FIGURE 7

Dwg. No. A-9735A

FIGURE 2

OPEN

Dwg. No. A-9731A

FIGURE 5

OPEN

Vin

Vee lc

Dwg. No. A-9734A

FIGURE 8

+50V
vh
Dwg. No. A-9736A ULN20X3* 35V i - 100
ULN20X4* 12V PRR = 10KHz o
S0 300 S0pF
L 1 I
* Complete part number includes a final letter to indicate package.

X = Digit to identify specific device. Specification shown applies to family of devices with remaining digits as shown.

www.allegromicro.com




Dim bu(600) As Single
Dim num As Integer
Dim Total(49) As Single
Private Sub Command1_Click()
num = -1
With Form1.MSComm1
If .PortOpen = True Then
.PortOpen = False
End If
.PortOpen = True

.Output ="m"
.Output ="r*
End With
End Sub

Private Sub Command2_Click()
Dim maxX As Single

maxX = bu(1)

Forj=2To 600

If maxX < bu(j) Then

maxX = bu(j)

End If

Text2.Text = maxX

Next

End Sub

Private Sub Command3_Click()
Text1.Text ="

Text2.Text="

End Sub

Private Sub Command4_Click()
Dim iFileNum As Integer

iFileNum = FreeFile



Open "c:\ data1.dat" For Append As #iFileNum
Print #iFileNum, Text2.Text
Close #iFileNum

End Sub

Private Sub exit_Click()
Unload Me
End Sub

Private Sub MSComm1_OnComm()
num = num + 1
With Form1.MSComm1
bu(num) = Asc(.Input)
Text1.Text = Text1.Text + Str(bu(num)) + vbCrLf
End With
End Sub
Private Sub Command5_Click() 7

Rem Graph Pattern Loudspeaker

numData = 49

Dim Total(49) As Single

Call DrawAxes

Call ReadData(Total())

Call DrawData(Total())

Call ShowTitle

End Sub

Private Sub DrawAxes()

Rem Draw axes

xCenter = 300

yCenter = 300

Picture1.Line (xCenter, 0)-(xCenter, xCenter * 2), QBColor(4)
Picture1.Line (0, yCenter)-(yCenter * 2, yCenter), QBColor(4)
Fori=0To 360

x =300 + Round(300 * Sin(3.14159 * i/ 180))

y =300 - Round(300 * Cos(3.14159 *i/ 180))



Picture1.PSet (x, y)
Next
End Sub
Private Sub ReadData(Total() As Single)
Dim i As Integer
Dim openfname As String
Dim strDirectory As String
Cdb.InitDir = strDirectory
Cdb.FileName ="
On Error GoTo errorhandler
Cdb.Filter = "Data file (*.dat)|*.dat"
Cdb.ShowOpen
openfname = Cdb.FileName
Open openfname For Input As #1
Fori=0To48
Input #1, Total(i)
strfname = openfname
Next i
Close #1
errorhandler:
End Sub
Private Sub DrawData(Total() As Single)
Dim i As Integer
Dim x1 As Single, x2 As Single
Dim y1 As Single, y2 As Single
Rem Draw lines connecting data
x1 =300 + Round((Total(0) / 300) * 300 * Sin(0))
y1 =300 - Round((Total(0) / 300) * 300 * Cos(0))
Fori=0To 49
r = Total(i) / 300
z=3.14159*i*75/180
X2 =300 + Round(r * 300 * Sin(z))
y2 = 300 - Round(r * 300 * Cos(z))
Picture1.PSet (x2, y2), QBColor(6)
Picture1.Circle (x2, y2), 0.01



Picture1.Line (x1, y1)-(x2, y2), QBColor(8)
x1=x2

yl1=y2

Next i

End Sub

Private Sub ShowTitle()

Call Locate(10, 0)

Picture1.Print "A Loudspeker Pattem"

Call Locate(1070, 0)

Picture.Print "anu utian T

Call Locate(1070, 2314)

Picture1.Print "Au uaaanTna®

End Sub

Private Sub Locate(x As Single, y As Single)
Picture1.CurrentX = x

Picture1.CurrentY =y

End Sub

Private Sub Command6_Click()
Picture1.Cls
End Sub
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