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Abstract

This project is to create Ultrasonic Movement Detector UMD which is a part
of non destructive testing. Principally , the reflection of sound waves . An ultrasonic transceiver
is used to detect movement all- direction by use stepping motor to move for detecting movement.
A microcontroller 89C51 is used mainly for control and processing signals sent from the receiver.

This UMD is suitable to detect movement in a radius of 3-4 metres for a security

purpose.
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(Acoustic Impedance) INVUZ UATZ , 1310Pi, PritaPt Avuseduidosnannseny gefounay
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W TdaYaqud 2 1 pi, Pritospt dmsudanarsit higandusaiiudai

Pi = A, Sin (Ot-k x) =UiZ, BINE)
Pr=B,Sin (0Ot-k x) =UrZ, eed)
Pt= A, Sin (Otk x) =UtZ , )
nnngmseyinyg +wld
Pt =Pr+Pi ()]
Ut=Ui+Ur coe(T)
Tx=0 i3 80ABUNL Pi,Pr,Pt,Ut,Ui,Ur, a4 luarunis (4),65) o214
A=B,+A, ceen(8)
Z,A~Z(AB) ()
PYPi=A/A=2Z,/(Z,+Z,) er(10)
PrPi=B/A = (Z,-Z(Z,+Z,) wee(11)
0A3769U r =B,/A, 9213071 Amplitude Reflection Coefficient
UYUi=A,Z /A Z,=2Z /(Z,+Z,) cenn12)
Ut/Ui= -B/A=~(Z,-Z (Z,+Z,) weerl(13)
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fisovAevendum2 ¥ila reflection coefficient (Or).fifladas1d MRt IVES
dunzhoufisoode(s) Aondufinnnsznuiiseode)

Olr = I/li =r° «ea(14)
u‘ia rfio Amplitude Reflection Coefficient 63Uf1 Transmission Coefficient (Olt) fieA1das1du
11mmmn’fwmﬂﬁiuﬁﬂ'qvhuaan‘hl(lt)viaﬂ‘a*uﬁmnﬂsznm‘isawia(lr) dusrendn lutins
gfondtauiisooessd -

I, =Ir+It ....(15)
Farfu Olrt Olt=1 ...(16)
Wesnnamuduvesadudounsiunsefus wonagaveuseduidusluiaglaqee
4

Olr =It/li=B,"/A=(Z,Z)NZ+Z)  ....17)
vInTunsiie w'ld

Olt = 1-Olr =4Z,Z/Z,+Z,)’ ....(18)
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2.2 wanmanuianaudansledia ( Ultrasonic Generation )
A o ) dy Y Y - Py | a o4 e
aaudans latintasoad 18 lassmsuadiwes FINsmAAYeinogUnsaln
Hdnumdanu i dundsnunina nIondrumanadundsa I msnnsild
afundusans Tatininatwisaemuua e lssunn 1dun
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1. uuuilolediannsa NImAAEDT( Piezo-electoric Transducer ) Fantlasltinsening
o @ - - ¢ A vel s P
wavu huasndnuniena Tnglanuiis Taunudnafegisimile
- a a a 7 R P
2. uummﬂu'[m'msﬂnw NIUAAUYD T (Magnetrostrictive Transducer ) qanm"th
J o o o d 3 0
sswmwamu'lwﬂmmumumu'ammznwmuﬂuman‘nmwamﬂuuag
- - oy A 1
3. wuudionlasansafin N3 AN (Electrostrictive Transducer ) Faae1isenti
[ [Y) o ] - 3 o 4{ ) a
w1 Ifhdundsunenaudiuuuusnilon 198 uun wIEmIFehIuaLiisINgn
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2.3 Uningmsciitleladionndn ( Piezoelectric Effect )

® - A L 4 -~ o [ '3 H ' 1 ..l
msnuianaudaas Isiaannsai ldnawiiai 1dnan Basudy udlania

ud 1519z 14 mfiordonsnms Deludimaniaeniivia ( Piezoelectric Effect ) warfraihy

o - m‘ ¥ o
sy msilolaBiannin (Piezoelectric Material ) seilnmantiafian mims 1dussdunana
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MINTA 22 uaAdRuantiAni q vese piezoelectric

T qronililadu | anudumde | Fulszdniveams
Ysinasvesing coupling
-12 12
2.3x10 1x10 10.5%
Quartz
-12 12
, 1.9x10 0.1x10 10%
Tourmaline
550x10" 10x10° 76%
- ° X
Rochelle salts (fi 30 ° C) * °
43x10™" 0.1x10” 329
Ammonium Dihydrogen X - e
Phosphate
16x10" 10x10° 384
Lithium Sulphate ; % 2%

ANA - 23 $RgunniivesTag piezoelectric

- s e a O
vannavegugy ¢

gk J

ATIIUNA

Quartz 550

Ammonium Dihydrogen Phosphate ~_ 120

Rochelle Salts 45
Taqdaunsied

Barium Titanate Ceramic 100

Lead Titanate Zirconate (45/55) 300

Lead Metaniobate 500
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(19)
° T 2t
d'l & -2 :i ° o
Wwe  t AvANUMUITBINANTIIINSSA
- 4 4
A, fonnmuennduiugy
'y ¥
£ ﬁaﬂ’lwaﬁu§ W ( Fundamental Frequency )
lumsidamdleTedioansaannsel¥am'ld 2 uuufe generation mode 19 ums
wasundsmmenadhumdsamme i uaz motor mode 1lunsitEousinndaa vidh
< é o [ -’: J t o \J
1ﬂuwnmumqnamm'mmuuo‘lumwﬂmwamu'um'mqm 2 mode 92 UBgAUR VD

[ - AI o 4
du1l5zMBveq electro-mechanical coupling (K) 105118451 18910

K nawnuFnangmalaaiundenn v

wasmugnandouly

K = nasnu i nulaaundinuidina

wiaen fhiidlould

dmiumsduliandudann ledannmsdTadaania niemsviauluinue
1 + »
motor mode 95811N30%1 14 2 38Ae foulWadufinnudfiminzan s Tanguasms 14
v & 4 0’: 3/ : P \ 2 el [V @ 1 a
Wadnauduq lunseduiuais( Pulse Shock Excitation ) Falunsaindimisosduotnedase
uamsdusziudnuas damp fie uonlAgaeranntetiesnda esnusaivaniuaiuly

2
FUAT

2.4 lulasneulnsamediued 8oCs1

v X
Radnvaziiugmveshilninenlnsamediued socs:

-~
£

1. dusdiadueilulnsnouTnsanesluasega Mcs-s1
. t 4
imisen s udui) Flash memory w4 Ala'luyt snsovinnis Tusunsuda|d

y v
¥ IMidea 18 2.7 Taar! 84 6 Taayy

fnll’liﬂﬁﬂﬂ'[ﬂﬂlﬂill15?1'11]58"9{11

2
3
4. vondaimesannsaflowldfud o B3y & 20 A Taidsde
5
6. wirsanudwsunieluvuia 128 luy

7

wesnduwnieniymannsa Tusunsu'lg 32 in
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10. iwosneynsumunselusuny'ld
11. 3 TMuA Low Power Idle UuaT Power Down

AT89Cs1 iuluTasneniiumesvuta 8 iin virean cMos 19 IWidsedh ez Sinsiaeny
Ywina 4 Alaluy - iy Flash Programmable and Erasable Read Only Memory
(PEROM). AT89C51 r519830imn 11108 Atmel's high density nonvolatile memory HATTINIIN
19 Mcs-s1“‘an'u1‘?;daaaﬂmmumnspumaqnmnnss“u'lﬁ' wiwanus Tsunsy
annsallsunsudn 14 fies iy 8 ini Flash Ty uda ATsocs1 iyl
ﬂauﬁ'zmas'ﬁ'ﬁﬂ".nmmmanvff'aﬁﬁs:Tumfmnmuiumsmuquﬁiyiymshaq
AT89C51 nanym"mw1~ﬂ1uu1mg1umna'lﬂu iFlash 4 a1, sy 128 Tind, Suww/
omim 32 fin, nuuazdananm 16 n 2 &, undeduiiaBume I s ids , Noiney
AIMIVY full duplex unzfinesuinmifunesooadamnei il uonnniiidraTsocs1ld
gnoammu‘lﬁti‘lmmummﬁnnainﬁm%’umsv‘i1a1u'?'imm3ﬁ'1m'lﬂﬁaqu6 nozeiuTyu
madienTnua mysnfds TURIDLE sxngamsiiieainves CPU yasiRAM |, datfuins
Fanm , noineynsy iasTuLBUmes Y fanaiiauselt) POWER DOWN MODE a2
Smundoyaiieglu RaM uAvznyaoeddammes i lWandadu 9 nyahnusunseiaiims

P s [4
JYRTITALIT

N139BU LU I¥0I ATSICS]
VCC
dy
vlﬂmtn(Su ply voltage)
P
GND
'4
a5l
PORT 0
WoiN 0 1ﬂuwas’w6uvm/mvfwntimﬁﬂmwum 8 MUV open drain  WoSMBMIYMUARY
‘uwmmmmnauwn TIL 18 8 @ 1iie 114gndonluliinedn o udrernsolfiduduyndun
uauan R afumedn o mmmqna%'mﬂuuﬁuaﬂmm/'naun"lmm1'16’1'
PORT 1
- - - v o 4 [
noin 1 dumeinduymieniynaesfimmienin 8 inlauinsyaswmolu tilidedion
a 3 LY 4 ! 1 4 o
nveenedy 1 annsodeimedaduym TTL 144 %2 il 118gndon Tuvinedv 1 udaiu

J o/ - 4 - ‘é
IagnAaligein Tnoyadwmsluuazemnsogndiiudunn vasRidhiumn viwedn 1 35
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Qnﬁq'lﬁv’hmn:‘lﬁ'nszuﬁmas'ﬁ(lm)ﬁ'nfuwas'n 1921830 luvuemasa lusid1sem 379 Flash
Programming lazsevenisiAouias Tsunsy

PORT2

woiv 2 funemsunmieniynasifimnevun s ﬁnTmﬁmsmné’wmu'lu ivlesiont
ymveein 2 aunsoFedmesatunn TIL 184 & dle 113gnidoulfivines 2 udasiu
‘lé’qnm'lnqwuTﬂcmaawnw‘luua'vmmmqn'lmi’luouvm vaizfifiuBunm vivedn 2 34
qnm'lnmmﬂ"'lunsouﬂmasﬂ(lm) woin 2 vhesluiiemaseluigessninmsihen
mrmmm'rlT]Jmnsumuuﬂmmwsvmwmsm'nu'wﬂ'mei’:'aunnwuonm‘l‘mamﬂsa
16 in(MOVX @ DPTR) luftinein 2 liwadwdledton 1 seninisdidamiznuinde
yamevendaldiemasa 8 finMovx @R) wein 2 1asudoyaiieglu p2 special
Function Register

aufunodn 2 Iasuinuemasaluiguns dygnamununedyainsening Flas
Programming tazmsifaountlag

PORT 3

noin 3 xﬁuwamauwn/xmmgnnamﬁmwum 8 inlaviinyadw dvivlesiontynues
Woin 3 mmmmn/masaauwn TTL 18 4 &) ddio 118gni@on v medv 3 ué’ouu‘lﬁgn
m'lnﬂquﬁuwaawmu‘qua sawnsognldifudunn vasfiduduyn vmedn 3 Fagnaa
'lnmmw‘lnﬂsvuﬂmasa(lm)muuwasn 3 Wsudyananuguundyaudmiy Flash
Programming ttasmsilasuutasnis Tusunsy

RST

BuwnSiwn W high vuniiidmiy 2 s lmRavasiiosndammesmasinstisn
qunsal

ALE/PROG

Address Latch Enable tominnwWoddm3uns lach Tusidwomasasen-hanisdiianioo
ANUNINYUBA F‘fnfu‘ll‘l'ﬁ’lﬂu "Program puflse input(PROG)i::WJ"N Flash Programming
Tﬂumsmnuﬂnm ALE 1Aa0eiisha 1/6 vesmmideeadaimimed uaverne1ddmiums
FanmmSemsiiy aun'lsnmuwmr ALE 1 vod ldgndhusznnensndhdimisenuiife
yamousnudaznts

MINNMYDI ALE 9z1ga laonisisaiin 0 ves SFR fidumids sEH dedinim ALE vz
¥emsznind1ds MOVX iag Move Tudnuueduq munvgnm‘lnﬁwumnuau s
mmn'nALE'n‘hmmuﬂv‘1uuwnﬁ'ﬂuTnmauTmmamg"luTuuﬂmmmumuuan



= rowre

e rwan wm omen TR e

e e

L

L A L .

-

T TR oA MW TR IR THTE Ve R

rvsiton: | T—— T E—S R

14

PSEN
ﬂ t Y o * °
Program Store Enable ifluntssma Tasuldtuminsanusi Tusunsumauen
dip AT89C51 MdsnszAuniannmitsamd Ilsunsumouen uaz PSEN gnnsiuilu
glundnzunsdnlsia udaes 18 hmshauveseseNdgndmszninasiddanisn
v v
Sdeyanmouenlundazady
EAIV,, -
¥y 1 o aq 11 ° o ° r
Extemnal Access Enable EA Apagnasasns1adluniseygndldgunsalhhhadanndums
1 o ﬂ' : 3 J U
mizeaui TsunsumovsniSusaua 00008 1u'lits FFFFH ednlstathldTusunsy
feniin 1 EA szgauans i iun
4 9

EA 3zgnaelufe v_ dmiumsnsziillsunsumoly dnfunitldsuTimiinemseygnd
15 Tusunsu 12 T‘Javf(vw)szﬂ’ha Flash Programming
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2.5 nqugdumandasdaenaenineniiiidnen ADC 0804

M & o o ] t 3 o A
munsmlasdygrasinaeniiuilreasadiuiiudniiddegundesniiuns|d

- - ° 4 4 - {
wasdoyaiimnmmihhilsznan ieassasunnundonnluuinufidems1d

naidnyuzvesmIuastayans

p

msldaudanlasdyener (Converter) ininiludeedis AudnyuzUINlsEmsves

o & L 9 o @ - 3 o :‘ o
yy ‘am:mu'lms1mmmmﬂu'lvmonhs ’JWSll‘lJﬁQﬂﬂny'lﬂlmH!J'I:,’ﬁUﬂ‘IN’Iu'UBQITI

1.

Augndeaduysal ( Absolute Accuracy ) ifluivesnafsEn-herves
ﬁiytumaumam?qﬁ'uﬂ'waaﬁfytmmﬁ'ﬁmaaﬁﬂ?'lafu

o8 laAnd 15 ( Automatic Zero ) ilunisySumaInmanAouRevaes e
Hanmavesnisuilasdeyeyia  Drift error)

fuAuenn (Full scale) ahathoqmsmf‘ffgn,nmau1aan-?iwuﬂamfluﬁ'q;fg1m
AvAen 19U 14.098 V

aazidua lunsuyasdaygna (Resolution ) iSusidanaasdanisunag

ﬁigtyuuWmmsmwnmmxmndunmﬁ'ﬂgqnmﬁ'lﬂﬁtﬁmﬁ'u'lé'mnﬁqﬁ EATRD

’
<1 el

wilasdeyananiidan 12 Inezlimazboaganh Adaedygraniisiuau 4

iin

@ o { ) 2 o @

oannsullasdy el (Rating) iWumFauaasimnudalumsulasdyane
2 )

mulunilamizsnm

AAINAANAIANNGUNYIT ( Temperature error ) ffitidAsianAaNMIAIDS

manfaounlasgungdl

2.5.1 mulasdyanaenaeniu@snea

N y
dunlasdygruewnoniuainea uiefiduniudwg i AD awndiludaeciioguin

wenmeyila uavihiidufiiousslieg 3uiaRouuy Successive Approximation , Flash uay

y
(VY Integrating UADLYHALUNANNITNIUAI]
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2.5.1.1 mamlasdanaewnenifuidneanuulimalszanaiiasin

( Successive approximation )

6-01: DAC
comp E-bny T—D’ ] )
tazzn 1 | | dightat
. & ¢ [output
anziog output | 1 : (8 bits)
inpur onwvers L1 00
suzcessive

39D 0rimation
recister
(SAR)

sian
conv

controt
enc of logic
conv

os¢

2.5 29sulasdeyann A/ D Converter nuumstlseanaisi

2993 A/ D Converter LuuiidoAe finnnnzBoags Ssamnsadmualden
doyanaiaduIin wu 29suasvun 8 indesldwaddyana 8 gnluvasiinseniudes
Twadoa 256 gn ﬁ'ﬂﬂﬁ’lﬁiy&lﬂa’hﬁli A/ D Converter ﬁfﬁﬂfﬁﬁuﬁ Successive Approximation
Register ( SAR ) 1ﬁ01?u1ﬂ?;uuﬁ'tynpmﬁ'affqnusnazﬁaﬁnﬁﬁﬁvﬁﬁ'iyqaqﬂ"lﬂﬁq D/A
Converter 1At SAR 9508 qynn091n29951 /5 0uidion éaezm’mﬂauhmﬁvymanq05 D/A
Converter MANTDWBYNTISRNUBUNN Vin duoniymverassnSoudoutaas « 1 «
1M NYBI2933 D/A Converter 339101 Vin SAR sufuinfitifodiggegal? dueniyn
voInesfToufisuiianius « 0 “ ®Wmyss D/A Converter 391001 Vin SAR 95519m
finfifilud "iyqeqﬂﬁu

viadgndemiiuinviu Tauind 18Aeiinfitfudwosesnan SAR sz

y . :
vl Teudediniifiiodigdga tfmudasﬁn”lﬁ’fﬁmiymu1ﬁmnmnnﬁwué’1 SAR
szdladyg e lingailas (End of Conversion, EOC ) ool dygpaiiaeitiudauentiide

] 1 4 [ ] []
yoogfidunmasuuds uitdgapaifigndade lugssumn Aihugadumsn/ounas
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W esunendlszdudnitvunszua hduus ey Nesuvlinnsedudygrusuiaenii
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2.5.1.2 mimlndyanaemneniduadnoanuyluesnfoumiioy

~

( Flash A/D Converter)

e o a o T o
'N97“1.'anuﬂJu1%“aﬂﬂ'ﬁ”ﬂ‘zﬂ'nliﬁﬂl]‘nuuﬁiym'lmg']ﬂ'nﬂﬂﬂgUUIVlUUﬂﬂﬂﬂu'}uﬂu
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N 19747n
. o
e RYTUADY
N —— 00
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317 2.6 117AINITABIINTVBS Flash A/D Converter

[ n’: . ¢ 4 d @ 1
A1U2993 A/D Converter uuuﬂﬁati‘lmqslsﬁﬁmmts'z'lumsuﬂmﬂtynpmqqmn ua

do ay

nmwmﬁuﬁmﬂaﬁmmsﬁty‘iymﬁﬁﬂ'zmnsfémqa eserlvualng wudidesnisany
azidun 8 In sxdealdraesufFomiouds 255 1 Gwnnseslioudiouis
2"1Tnei o Audruiinvesdoyn)

2.5.1.3 Aanlnsdyanaemnaenihuadneanuiidufingn

nuvalayifie (Single ramp 13 Single slope)

APGINUIANT
1 MH2
DIMIREN
Dune
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in

e

<
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Atin (w0l URAIUGY

w3yl Joram

31 2.7 uamudon laozunsuvesA/D Ly Single Slope
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v
093 A/D Converter Huuiitlsznoudionesiufiadyapausud, wesnlSoy
- - 4 a -t . ﬂ - - d
Moy, NesvmegvNges lesmihmsnldoudydgia Jyguusuiiasnesiusegniida
Wiilugud useduournenszgatiouigassnomfsumenduymuuyhifoundy
nesiFoudsuie Weniyniduaoms “1 ” ilfusudinaddosdyanamnitm fn'hl
o LY * yYya a o o - [ - J 1
§4399319014 wasi hSuidadygausut sunssisdygramsudfussuiudumnnt
o A 4 a [P} ° L 4 4 0 1Y a
ussdudum eniynezlicounily “0” Mldueudinangaldesdyyiuiing 2es0on
siavzilasmmnuandeonuuiiunvAtnea

uuuaTaﬂrj(Dual Slope)

T T T o gsm

il
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@™ ! I
' R
W, ! H e i 1 Iy
1
1 + f
Andloy 1
Input |} : = _.E__. z
AA = = -
. | :
} —— Timi
[ IS § cm::‘ogl BCO counter Vq
and display
Convert ] : C
trigger Clear .'.::,‘:,zt

UM 2.8 TapzunsumsH191Mv99A/D 1Y Dual Slope
dnyuUEMIINNUYB A/D Converter iuuaTalgzadrofua Tadideusaafud
t 4 []
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Resolution 8 bits

8n51M3uas 100 ps/s81

fHana1n T 11LSB

Fugangiildau 0°c< T, <+70°C

uraanieWuIn 4.3 Vde 849 6.3 Vde

PATIMINUABNM 1T IIUGIATBY ADCO804

o unasswlvuan lifu+6.5v

o AMuANARdVIAURuBUYY -03V +18V

0 gungifiazoumetidy -65 °C fla150°C
o guugliluvuzihmsiiani Tiifiv 260°C
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Absolute Maximum Ratings (Notes 182)
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| Military/Aerospace specified devices are required, Storage Temperature Range —-65°Cto +150°C
contact the National Semlconductor Sales Package Dissipation at Ty = 25°C 875 mW
otfice/Distributors for availability and specifications. ESD Susceptibility (Note 10) 800V
i supply Voltage (Veg) (Note 3) 6.5V
Voltage i i

e e Control Inputs —03V10 +18V Operating Ratings (votes 182)
AtOther Input and Outputs ~0.3Vto (Vg +0.3V) Texggb‘:gsg’&g’ 55.24‘"_*‘, STASTMax
Lesd Temp. (Soldering, 10 seconds) - A< +125C
Duakn-Line Package (plastic) 260°C ADCO0801/02/03/04L.CJ —40°C<STA< +85C
DuakIn-Line Package (ceramic) 300°C ADC0801/02/03/05LCN —40°C<Tars +85°C
ADCO804LCN 0°C<TA< +70°C

A

Surface Mount Package ADC0802/03/04LCV 0'CSTAS +70°C
,  Vapor Phase (60 seconds) 215°C ADC0802/03/04LCWM 0'CSTas +70°C
' lInfrared (15 seconds) 20C  Rangeof Voo 45Vpc 1063 Vpc

Electrical Characteristics

The following specifications apply for Voo =5 Vpc. TMin<S TASTimax and fok = 640 kHz unless otherwise specified.

Parameter Conditlons Min Typ Max Units
ADC0801: Total Adjusted Error (Note 8) With Fuli-Scale Adj. 1Y, Ls8
(See Section 2.5.2) ‘4
. ADC0802: Total Unadjusted Error (Note 8) Vgep/2=2.500 Vpc +% LS8
' ADC0803: Total Adjusted Error (Note 8) With Full-Scale Adj. Y, LS8
| {See Section 2.5.2) 2
I ADC0804: Total Unadjusted Error (Note 8) VRer/2=2.500 Vpe *1 LS8
ADC0805: Total Unadjusted Error (Note 8) Vrer/2-No Connection +1 LS8
' Vaer/2 Input Resistance (Pin 9) ADC0801/02/03/05 25 8.0 k2
ADC0804 (Note 9) 0.75 1.1 k)
Analog Input Voltage Range (Note 4) V(-+) or V(—) Gnd-0.05 Vec+0.05 Voc
. DC Common-Mode Error Over Analog input Voltage Ve Ve LS8
Range
, Power Supply Sensitivity Veeg=5 Vpg +10% Over +Ye E37A LsB
, Allowed Vin(+) and Vin(—)
: Voltage Range (Note 4)
' AC Electrical Characteristics
The following specifications apply for Voo =5 Vpg and Tp = 25°C unless otherwise specified.
Symbol Parameter Conditions Min Typ Max Units
Te Conversion Time fcLk = 640 kHz (Note 6) 103 114 us
Te Conversion Time (Note 5, 6) 66 73 ok
ok Clock Frequency Ve =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 T8 =0 Vpe, foLk=640'kHz
W, | Width of WA Input (Start Pulss Width) | TS=0Vpc (Note 7) 100 ns
tace Access Time (Delay from Falling Cy =100 pF 135 200 ns
Edge of RD to Output Data Valid)
Y114 ton TRI-STATE Control (Detay C =10 pF, Ry = 10k 125 200 ns
from Rising Edge of RD to (See TRI-STATE Test
Hi-Z State) “Circuits)
b ey fromFalingEdge . .- 300 450 ns
of WR or RD to Reset of INTR
Cin Input Capacilance-of Lbgic 5 75
Control Inputs -
Cour | TRI-STATE Dutput 5 7.5 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 Vo™ 5.25 Vpe 20 15 Voc
{Except Pin 4 CLK IN)
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AC Electrical Characteristics (continued)
The following specifications apply for Vog ™ 5Vpe and Taun € Ta £ Tuax. unless otherwise specified.

Symbol | Parameter | Conditions [ mn [ vyp | max | unns

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 Voitage Veg=4.75Voc 0.8 Vpoe
(Except Pin 4 CLK IN) -

(1) Logical “1” Input Current Vin=5Vpe 0.005 1 nApg
(Al Inputs)

W (0) Logical “0” Input Current Vin=0Vpc -1 ~0.005 HADG
(AH Inputs) !

CLOCK IN AND CLOCK R .

vi+ CLK IN (Pin 4) Positive Going 2.7 3.1 35 Voe
Threshold Voltage

Vy— CLK IN (Pin 4) Negative : 15 18 2.1 Voe
Going Threshold Voltage

Vi CLK IN (Pin 4) Hysteresis 0.6 1.3 20 Vog
(Vi +)—(Vr-)

Vout (0) Logical “0" CLK R Output lo=360 pA Z : 0.4 Voe
Voitage Vee=4.75Vpe ‘

Vout (1) | Logical™1" CLK R Output lo=~360 pA 24 Voe

) Voltage Voc=4.75Vpc

DATA OUTPUTS AND INTR

Vour (0) Logical “0"* Output Voltage
Data Outputs loyr=1.6 mA, Vo =4.75 Voo 04 Voo
TNTR Output lour=1.0mA, Vec=4.75 Vpe 0.4 Vog

Vout (1) Logical “1” Output Voltage lo= ~360 A, Voo =4.75 Vpe 24 Vo

Vout () Logical “1” Qutput Voltage lo=—-10 pA, Veg=4.75 Vpe 45 Voe

lout TRI-STATE Disabled Output Vout=0Vpc ~3 rApe
Leakage (All Data Buffers) Vour=5Voe 3 pApe

Isource Vourt Shortto Gnd, Tpo=25"C 4.5 6 mApg

tenk Vour Shortto Veg, Ta=25°C 9.0 16 mApc

POWER SUPPLY

e Supply Current (Includes forLx = 640 kHz, '
Ladder Current) VREr/2=NC, Tp>=25°C

and C3=5v ; )

ADC0801/02/03/04LCJ/05 11 1.8 7 mA .
ADCO804LCN/LCV/LCWM R y 1.9 25 mA *

Note 1: Absolute h Ratings Fmits beyond which g bmdmomyw.ocwmwmﬁonsdonmwpuwhmmw

the device beyond its specified operating conditions.

Note 2: Al voltages are d with respect 1o Gnd, unless otherwise specified. The seperale A Gnd point shoukd atways be wired 10 the D Gnd.

Note 3: A zener diode exists, internally, from Vg $o Gnd and has a typical breakdown vohage of 7 Vpe.
m«ravw(—)zv.N(+)mmmmwummrmmaipMmmummmmmwmmww
eonmdMmmvohgummmbmmummawgmmnvxm.hmwlcsﬂngalbwvcchvdsum
23 high level analog inputs (SV) can cause this input diode 10 condh iy at ob d temp 3, and cause errors for analog inputs near full-scale. The
spocmwmvmuaoimmm"wnm”mamvabgvmmmmumwwmmsom.nm
coeowilMw?oadimmmmovocbsvmwvdwwﬂmmmauﬁnmwppuvouageoH.ssochmimwM
variations, initial tolerance and loading.

Hate 5: Accuracy is guaranteed at fcyx = 640 kHz. At higher clock frequencs y ¢an dagrade. For lower clock frequencies, the duty cycle imits can be
extended $0 long a3 the minimum clock high time interval of minimum clock low tme interval is no less than 275 na.
Nmo:wmmayvmmmmm.wmommmﬁrwmmmmmmm»mwmmm
start request is intemally laiched, see Figve 2 and section 2.0,
MohmcsmhuwwmunwnwwimwmmmumeWHmummmmmmmwmu
I\ocomemrhanutmdommmdmmtmlﬁwwmwmvmummmwmdwm

mo:Nmotmuosrm-mm(mmz.as).roomhmmummmmmmzswms

Note 3: The Vage/2 pin ia the center hoint of & two-resisicr divider connected rom Yeg to ground. In aXl versions of the ADCDB01, ADC0802, ADC0803, and )

ADCOGOS.Mh“AO@WLCI.MWi‘_ ically 16 k1. In a¥ of the ADC0804 except the ADCOBOALCY, each resistor is typically 2.2 k).

. Note 1&mbowm(1wﬁmmww.1.5kﬂlm«.
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Timing Diagram

START
CONVEASION

W—
—=] Wit p— ~BUsY*
‘ ACTBAL INTERNAL : - X_oatassvaviom
“NOY § BUTPYT LATCHES
STATUS OF THE sy~
CONVERTER
1108818 g 1 INTERNAL Tg
{RLAST BATAWAS READ) .

m 4
(LAST DATA WAS NGT AEAD) ‘7 NT ASSERTED
— [1:371%

Output Enable and Reset INTR

m Y | Y 7‘(__

DATA 5 TRISTATE?
TS — — — — — —— — ——f ] D e e e o e e e - -

: 1

) [ e

e —-— 1
] 2

TU/H/ISE71-4 t

Note: Read strobe must occur 8 clock periods (8/1cy «) atter assertion of interrupt to guarantee reset of INTR.

MINNIUYBI ADCO804

Aralog switch 1u ADC0804 quﬁﬁuhmaw Successive Approximation weld
IMNZANAUATIULANAIYEY ANNANANIBUNN(Vin(+) Vin() ) TmivdAgygaegaszgn
[ 4 1 4
AsIvteunon naInRISouhsuvianun 8 n¥e (64 clock) sHaRdABAYF LD 8 TN
s i v 2z ,

(1111 1111 -full scale) 9gnaa1#l output latch &9z idayeyintinterrupt YU ( 41 interrupt

- ] ) P 1 ax o J S o
1/Aeu91n high i1 low) M3 interrupt 01918A%U 1881033 oumda start Srulundedi2 418

Tumsnldeudyanum WR 910 High i1 Low 12/ 1 SAR Latch uaz $viianed

- d P o ) ' a d

9n3tdm as1slaNen Cs uarWR 81 Low off A/D segluanniziidannoalumsinag

o P - o o v a4 e )
AYYIUTITUUY 199 8 WM nfNmnﬁiyiymmmnmmﬁulaumm Low v‘L‘lqugh
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START CONVERSION

W MY
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1
Yee MagstO- f f
$ < | o—ri
1 1 [YITTLI N v e m
Vaern O— =+ ae { oy F— atomren’ | AT
< j
< [
™3 + NEl
’ Visyh L — . 3
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LATER §
L]
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‘ <[ | =
11293 0 —IJ?"_M
DIGITAL OUTPUTS —-l
TRISTATE® CONTASL 1 Wi
T Wt 11O 1" = OUTPYT ENABLE
ng:g} b ALSET
Note 1: T3 shown twice lor clarity. ]
Note 2: SAR = S, ive Approximation Reg
P °
N 2.10 laszunsumsauaes AD
Digital Control Input
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4 " e
UsznouTfin cs RDuas WR aseglumasignvesnnuefnduosnesTTL

¥ y ° 4 [ g ] o 4 (Y 4
vimmilazhnudie a5 udyaru Low ieldiwtumsideudenylulnsnouInamed

i bidesszgndinmin Sl cs W Low ansana A/D szSuudnadygnos diev:

4
WRIAE RD 134 Low tvinify

Digital Differential Voltage Input and Common mode Rejection

y . ° 3 1 o Jda
common mode noise mu1sn'nﬂﬁaﬂm'19’1'01ﬂm1mmnmwmm1unNﬂnuouuﬂ

uazn i 191un1s sampling 521913 Vin@+) uazvine) Yszanal 4 muuitmia Ermror #fn

910M3 Sampling fi®
AVe (max) =Vp (27¢f_)4.5/f clk)
Tay Ave finArud1efing Error 910 Sampling Delay
Vp ﬁoﬁ1qaqmm Common mode voltage

<
£ 1977150 Common mode
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Analog Inputs
Input current

(normal mode) NIz input 92 Inardnnamgliia.n

- o - - - — e o e e ]

TUH/S671-14

zﬂﬁZ.llAnalog input Impedance

(Fault mode)  Srlinnuandndtlonlufin Vine) wasvine) vnifiu Vee +50
mvaszuaduninunne Inaflourmlalea e vee Sinszuadidminnst 1 m A
} A "y [
A15191a oA (1N914) bypass Aszueil WilW na'luf Vee nszuaf Vine) szemnsonnn
»
Vee 1881 Forword diode 1
Input Bypass Capacitor
Aufuszqfine bypass Ay input vimdoysyyuasiinszuansss Inalasanen
anudumumeuenvnunadiuiadygaewiaen sdwlsimu Fufulsey bypass vl
4 A ! o o d’v Qr
197 input Vret2 Fafluvasiuilanudumuge 1 xQ) uonnAuAuYsLY bypass 51
[] E 4
198 noise 14 drozanfuiuiszqasdesldimasduianiudnmumigadefioniu .
Input source Resistance
1 1 o = 1Y & ) 19 Y% o e Y = a
aumnasduiannuaumunng Tulddannlsey bypass Timlditanufia
wawmAemalasdygna S1l9esnsesdyapaninddmnisidnnuduniudwige 1
Mdunulszensesdyanasuniutlszunn 0.1 uF Aiftoanoudy
Noise
- | 24 o3 Zuyd e \
VIBDUIRBNBUYN( M 6 UaZ 1 7 )nasaufiqaniesduléiNen i noise Misource
. . ' 3 4’ .. . 3 v d a1 w <
resistance A3AINT 5kQ dnndril 9t noise 1nTu Fuduilszyiidetusunaenduyn
'S ] 'Y R J ° ¥ I ) - .: ) o = Y4
1Az NINAITFIVANG noise UAMIN scale Tmshianarndu FraansodiuiouTaold

"ﬁ‘span adjust
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Reference Voltage
Span Adjust

4 :i o x ° d' ' = -« ni
ensszynaidudeniuly AD sunseaui svde 2.5vde nieminliud

Vref Aaguil 2,12 dunainnudredndtiautiy 12 mives vee

AL U

r:E ]_ ety

WE ]._}— .
. ;t.}“_“ frestid i

H’ F}

gﬂﬁz.lz The V reference Design on the IC

A10019M35 1997 Vref ﬁﬁéﬂi"umnaﬂ15mJmﬁ'tyaunmniuﬁwﬁmmmamaanﬁuwmeﬁu%d’?‘
0.5 VdeBa 3.5Vde umuiioziiiu 0-5 Vde Smnafintrafivs 3 Tondminfu w18 Taoro s
fagulfis Taotlou 0.5 Vde fvine)ie offet dayaraivret iy 172 whwesnau
nhemna 3v iald Apudasdaygiann vin+) 910810.5v-3.5VTaush 0.5vdcAien 0 Liag
A1 3.5Vdc ABA1 full scale

Reference Accuracy Requirement

figamgd liminzaufunsihounis 1§ Ta Tendedhiin vret

Error and Reference Voltage Adjustment

AD wﬁaf:“l'ﬁﬁmmiﬂs"mﬁuuquﬁ didhgavesdygnaeutnon lildmgud (vVin
"1inq ground) A/D converter mmsnuﬂmﬁw‘hqmmﬁtymmlﬁd‘luqutﬂﬁ'

'lumiﬁﬁquJﬁﬂ'lﬂnﬁﬂ\xf}mv1nﬁ11m"u'wmmsﬁaﬁm'ﬁ'aqammmmwﬁan‘lﬁvm
8 Vin Ngroundllﬁ")ﬂﬂuﬁmimﬁuﬁﬂ"]l‘l’l"l'lﬂ‘?; Vin (+)A1 Zero Error ABAIMMIANANYBINIY
andnddganainuasniiilidyguitneandeusin 00000000 hiuooooooor
Full Scale

Uiu'ldnnvrer
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Clocking Option
dygnaunininldluap amseldin cpu neaessre sin nouonnteld

J - - d
clk in (Wi)Fsmnsalfihusinninneddsguii.13

1
fo™1TRe

' un,_&(f_»“ R=10 ki
L}
) -

314 2.13 Self - Clocking the A/D

suAvlsznie Tnaavescik Raastnnlosquio ¥ sunaumsulasdyan
AUnfload A231788N3150pF
Restart During a Consversion
1D g unsiaimisandacs uaswr wdouuLow udnduilubigh
ﬁﬂni{muszni1an1511ﬂaaﬁmm1macj converter 9% S5 umsitenuIna A Output 93~
‘lﬁtﬂﬁuuuﬂmimn1'1n1suﬂmi’faqai)zuﬁ'ma%‘ﬂﬁmﬁ'in’fay‘aﬁamjmim INTR 830y fiHigh
Continuous Conversions
8¢ ifree running mode ¥ CSa groundiiaz41 WRABHU INTR aifouseszning
WRaY INTRADAIgroundA09ev11 19299581 Low iansuufasderiios
Driving the Data bus
AuAL529Ue Databus A5 Touq 9z IH Response Time Yfovas drufiurszquan
#04112993 Drive nidly DM741.5240-
Power Supply
noise 910 Power Supply ¥ ldnsutlasdyapafanarans 1¥dauiulsequuy

4 . i
tantalum Uszanas 1UF 1111199 noise Hvee
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a Tevsa( Hybrid Type )
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, cs EQU P3.3
E W_R EQU P3.6
; R_D EQU P3.7
. INT EQU P3.2
! TX  EQU P3.5

DATA1l EQU 30H
' DATA2 EQU 31H
; DATA3 EQU 32H
DATA4 EQU 33H
; DATAS EQU 34H
DATA6 EQU 35H
DATA7 EQU 36H
. DATA8 EQU 37H
| DATA9 EQU 38H
DATA10 EQU 39H >
SNDCON EQU OAOH

* ORG 0OOH

CALL DELAY2
LJMP BEGIN1

LI —

DELAY: MOV R3,#0FFH
SLOW1: MOV R2,#10H
DJNZ R2,$
f DJNZ R3,SLOW1
RET

T o

i DELAY2: MOV R3,#OFFH

: SLOW2: MOV R2,#OFFH

, SLOWS: DJNZ R2,SLOWS
DJNZ R3,SLOW2
RET

" .
. BEGIN1: MOV RS,#0AH
’ LOOP1: MOV RO ,#00H

¢ NEXT1: MOV A,RO
MOV DPTR,#TABLE1

MOVC A,@A+DPTR

MOV P2,A
LCALL DELAY )
INC RO ,

CINE RO, #04H, NEXTL
DJNZ  RS5,LOOP1
LCALL SEND_TX

LCAET WRITE_DATA
MoV A,P1

ANL ~ A,#11111000B
MOV DATAL,A
LCALL DELAY

LCALL CLEAR

T oo
st WM B B om w W mpmmemeom e

v

BEGIN2: MOV  'RS,#O0AH
LOOP2: MOV ~ RO,#O0OH

3

3

i | NEXT2: MOV A,RO

, n MOV DPTR,#TABLE1
1
4

| MOVC  A,@A+DPTR
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AT T o o W T e e me w7t

L.

BEGINS:
LOOP3:
NEXT3:

BEGIN4:
LOOP4:
NEXT4:

BEGINS:
LOOPS5:
NEXTS5"

MOV P2,A

LCALL DELAY
INC RO

CINE  RO,#04H,NEXT2
DJNZ  RS5,LOOP2
LCALL SEND_TX

LCALL WRITE_DATA

MOV A,P1,
ANL A,#11111000B
MOV DATAZ,A

LCALL DELAY
LCALL CLEAR

MOV"®  RS,#0AH
MOV RO, #00H

MOV A,RO

MOV DPTR,#TABLE1
MOVC  A,@A+DPTR

MOV P2,A
LCALL DELAY
INC RO

CIJNE RO, #04H,NEXT3
DJNZ  R5,LOOP3
LCALL SEND_TX

LCALL WRITE_DATA
MOV~ A,P1

ANL  A,#111110008
MOV~ DATA3,A

LCALL DELAY

LCALL CLEAR

MOV RS, #0AH
MOV RO, #00H

MOV A,RO

MOV DPTR,#TABLE1
MOV¢e A,@A+DPTR

MoV P2,A
LCALL DELAY
INC RO

CJINE RO, #04H,NEXT4
DJNZ R5,LOOP4
LCALL SEND_TX

LCALL WRITE_DATA

MOV A,P1
ANL A,#11111000B
MOV DATA4,A

LCALL DELAY
LCALL CLEAR-

MOV  RS,#O0AH
MOV RO, #00H

MOV A,RO

MOV  DPTR,#TABLEl
MOVC  A,@A+DPTR

MOV P2,A
LCALL DELAY
INC RO

CJNE RO, #04H ,NEXT5
DJINZ RS5,LOOPS

LCALL SENDEIX
GO fRTEbaTs
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L SR

BEGING:
LOOP6:
NEXT6:

BEGIN7:
LOOP7:
NEXT7:

BEGINS:
LOOPS8:
NEXTS8:

ANL
MOV
LCALL
LCALL

MOV
MOV
MOV
MOV
MoVvC
MOV
LCALL
INC
CJNE
DJNZ
LCALL
LCALL
MOV
ANL
MOV
MOV
CJNE
MOV
LCALL
LCALL

MOV
MOV
MOV
MOV
MOVC
MOV
LCALL
INC
CJNE
DJINZ
LCALL
LCALL
MOV
ANL
MOV
MOV
CJINE
MOV
LCALL
LCALL

MOV
MOV
MOV
MOV
MOVC
MOV
LCALL
INC
CJINE
DJNZ
LCALL
LCALL
MOV
ANL

Y

A,#111110008B
DATAS ,A
DELAY

CLEAR

RS, #0AH
RO, #0OOH

A,RO

DPTR., #TABLE2
A,@A+DPTR
P2,4

DELAY

RO

RO, #04H ,NEXT6
RS ,LOOP6
SEND_TX
WRITE_DATA
A,P1
A,#11111000B
DATAG6, A
B,DATAS
A,B,S0

B,A

DELAY

CLEAR

RS, #0AH
RO, #00H

A,RO
DPTR,#TABLE2
A,@A+DPTR
P2,A

DELAY

RO

RO, #04H,NEXT7
RS ,LOOP7
SEND_TX
WRITE_DATA
APl
A,#11111000B
DATA7,A
B,DATA%
A,B,SO

B,A

DELAY

CLEAR

RS, #0AH
RO, #00H
A,RO
DPTR,#TABLE2
A,@A+DPTR
P2,4

DELAY

RO :
RO, #04H,NEXTS
RS,LOOPS
SEND_TX
WRITE_DATA
A,P1 :
A,#111110008B

DATAS8,A
R.DATAS]
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CJINE A,B,50
MOV B,A
LCALL DELAY
LLCALL CLEAR
SJIMP BEGINY
S0: LCALL SOUNDGEE

BEGIN9: MOV R5,#0AH
LOOP9: MOV RO, #00H

NEXT9: MOV A,RO
MoV DPTR,#TABLE2

MOVC A,@A+DPTR .

MOV P2,A
LCALL DELAY
INC RO

CJNE  RO,#04H,NEXT9
DJNZ RS5,LOOP9
LCALL SEND_TX
LCALL WRITE_DATA
MOV A,P1

ANL A,#111110008
MOV DATAY,A

MOV B,DATA2

CJNE A,B,S0

MOV B,A

LCALL DELAY

LCALL CLEAR

BEGIN1O: MOV RS, #0AH
LOOP10: MOV RO, #00H

NEXT10: MOV A,RO
MOV DPTR,#TABLE2

MOVC A,@A+DPTR

MOV P2,A
LCALL DELAY
INC RO

CIJNE  RO,#04H,NEXT10
DJNZ  RS,LOOP10
LCALL SEND_TX
LCALL WRITE_DATA
LCALL DELAY2

MOV A,P1

ANL A,$#11111000B
MOV DATA10,4A

MOV B,DATAY
CJNE A,B,SO

MOV . B,A

LCALL DELAY

LCALL CLEAR

BEGIN1l1: MOV - RS5,#0AH
LOOP11: MOV RO, #00H

NEXT11: MOV A,RO
MOV DPTR,#TABLE1l
MOVC A,8A+DPTR

MOV P2,4A
LCALL DELAY
INC RO

CJNE RO, #04H ,NEXT11
DJINZ R5,LOOP11

LEALL  GEYRe"Fara

MOV A,P1
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BEGIN12:
LOOP12:
NEXT12:

BEGIN13:
LOOP13:
NEXT13:

SO1:

BEGIN14:
LOOP14:
NEXT14:

ANL
MOV
MOV
CJINE
MOV
LCALL
LCALL

MoV
MOV
MOV
MOV
MOVC
MOV
LCALL
INC
CJNE
DJNZ
LCALL
LCALL
MOV
ANL
MOV
‘MOV
CJNE
MOV
LCALL
LCALL

MOV
MOV
MOV
MOV
MovcC
MOV
LCALL
INC
CJNE
DJINZ
LCALL
LCALL
MOV
ANL
MOV
MOV
CJINE
MOV
LCALL
LCALL
SJIMP

LCALL

MOV
MOV
MOV
MOV
MOVC

MOV
LCALL

e

A,#111110008
DATA10,A
B,DATA1l
A,B,SO1
DATALl,A
DELAY

CLEAR

RS, #0AH
RO, #00H

A,RO
DPTR,#TABLEIL
A,@A+DPTR
P2,A

DELAY

RO

RO, #04H,NEXT12
RS ,LOOP12
SEND_TX
WRITE_DATA
A,P1
A,#11111000B
DATA9, A
B,DATA2
A,B,SO1
DATA2,A

DELAY

CLEAR

RS, #0AH
RO, #00H

A,RO
DPTR,#TABLE1
A,@A+DPTR
P2,A

DELAY

RO

RO, #04H,NEXT13
R5,LO0OP13
SEND_TX
WRITE_DATA
A,PL
A,¥11111000B
DATAS,A
B,DATA3
A,B,SO1
DATA3,A
DELAY

CLEAR
BEGIN14

SOUNDGEE

R5, #0AH

RO, #00H

AL,RO
DPTR,#TABLE1
A,@A+DPTR
P2,A
DELAY -

0
ﬁb.#O#H.NEXT14
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LCALL
LCALL
MOV
ANL
MOV
MOV
CJNE
MOV
LCALL
-LCALL

BEGIN1S: MOV

LOOP15: MOV

NEXT15: MOV
MOV
MOVC
MOV
LCALL
INC
CJNE
DJNZ
LCALL
LCALL
MOV
ANL
MOV
MOV
CJNE
MOV
LCALL
LCALL
LJMP

K2, LUur 14
SEND_TX
WRITE_DATA
4,P1
A,#11111000B
DATA7,A
B,DATA4
4,B,S01
DATA4 A
DELAY
CLEAR

RS, #04H
RO, #00H

A,RO
DPTR,#TABLE1
A,@A+DPTR
P2,A

DELAY

RO

RO, #04H,NEXT15
R5,LOOP15
SEND_TX
WRITE_DATA
A,P1
A,#11111000B
DATA6,A
B,DATAS
A,B,SOUNDGEE
DATAS, A
CLEAR

DELAY

BEGING

TABLEl: DB Ol1H,02H,04H,08H
TABLE2: DB O8H,04H,02H,01H

SEND_TX: SETB TX
NOP

CLR TX . .

RET

WRITE_DATA: CLR CS
NOP
CLR W_R
NOP .
SETB W_R
SETB CS

BACK: JNB INT,BACK
CLR CS
NOP
CLR R_D
NOP
MOV A,Pl
CPL A
MOV PO,A

RET

AY T™VaN

; PROGRAM A/D.
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SOUND
IN

we we ws we we

REG

SOUND:

SOUND1:

SOUNDS:

SOUNDX:
SOUNDX1:

SOUNDY:

SOUNDY1:

kkkkkkkkk%x nBEEP SUB %% %xkxkxkkxx

SETB R_D

SETB CS
RET
Khkkkkkkkk SOUND SUB *xk&xkxxkkkx%
GENERATOR
R2 FREQUENCY
R3 LENGTH
A,R2,R3,R4,R5,DPTR

MOV RS5,#0
MOV R4 ,#SNDCON

LCALL SOUNDS
CJNE R5,#1,50UND1
RET

SETB P3.1

LCALL SOUNDX

CLR P3.1

LCALL SOUNDX

RET

MOV A,R2

LCALL SOUNDY

DEC A

JNZ SOUNDX1
RET

DJNZ R4,SOUNDY1
MOV R4 ,#SNDCON
DJINZ R3,SOUNDY1

MOV R5,#1

RET

; ANY BEEP SUBROUTINE

; REG = A,R2,R3,R4,R5,DPTR.

UBEEP: MOV R2,#0DH
MOV R3, #601
LCALL SOUND

SOUNDGEE: MOV P2,#OEFH

MOV SP,#60H
LCALL UBEEP

END

36

;END FLAG
;DELAY CONSTANT

- ;O0UT
;OUT O

; FREQUENCY DELAY

; LENGTH COUNT DOWN

;USER BEEP (37)

Ld

1 (P3.4) pin ou
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Typical Applications (continued)

6800 Interface
I
3
VA
ees, P——rrsieeeeeeeeenind TR
-, .
e "
L] | (3
oATA
X

[4
Absolute with a 2,500V Reference
Veo
8Vge)
O——f Vini} vee
(TP
- >
am 2
14
1880 Vg
O——q vyt YageR
T "
[ s
AR

“For low power, see also LM385-2.5

Zero-Shift and Span Adjust: 2V< Viy <5V

Yoo
6 Vpel
I .
. Vigtel vee
'™ -
Tw.r
av — - —— —
r
{ 172 (s
Vint-) Vagr? | om
3 4]
[ O "W San
L2

R

‘

1
£

e —

l .t
SETSYBLIAGE an
| ABEL BECTION 2 61

S8 2600

W LJ-— e —
Voc = = =
InQ ztRo AN - =

Ratiometric with Full-Scale Adjust

A
?
Ve
o0
———
. P
< Yk c T 1
1 ! - L T
o .....‘.‘“ [ 0|
< H 1
~ 1_o3m
SO
t Sal
[ Wt’_ |
Yott Vneet 4 : L— :
| | SR |
= sodoe < OPTIONAL
e #S AQUUST
Note: before using caps at Vay of Vpge/2, =
see section 2.3.2 Inpyt Bypass Capacitors.
Absolute with a 5V Reference
"
I
O—— vt veo _L %{ !
1
h [
T“’." %;n :
= 1 1
i LSt | N
1Tt
N
to$™
1 >
o—fwe a1 L)
| SR |
0FTIONAL
3 ADNET

* Vot Yee
> ¥, -
< L] I
LIN w.f
7 T $a
- <

Span Adjust: OV< V<3V

vee
% Vot

AD

Vi t-d Yage? > 1
" . 2 A vaw
15 ¢ ADY

TL/H.5671-5

$0800QV/¥0800QY/£0800QV/208000Y/1L0800QY
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ADC0801/ADC0802/ADC0803/ADC0804/ADCO805

Typical Applications (continued)

Directly Converting 2 Low-Level Signal A P Interfaced Comparator
A{
ave “'J:‘ .
- Vit Yee O——vutet Yeo
y _L .
ot < ,F
il T 3 T
5 v ey had R an
n s WA
Vixt-l Yags . ' b OVt Yage?
* <
ui f PN J’ A l
= m = = = =
*18 Vo0 O AN A p—AAA, A For. Vad +)>Vin{ -}
wd 8 - Output = FFgx
VRer/2=256 mV : For: Vind +) <Vl <)
= o Output = 004ex
1mV Resolution with P Controlled Range :
VRgr/2=128 mV N
1LS8=1mv
VoaCSVin< (Vpac +256 mV)
1 Vintet Vee l
Vi = u.¢
L T 3"
AN
"
seToac b—b 25001
I e
MILROOACT™ Vet . < ,

BAcee

Voac

W 0<Vpag<2sv

1.;-.«

Digitizing a Current Flow
8. A [
GVV'C‘ o~ AAA- ~—ae fLOAD 24 FuLL scaLe)
5: 10
Val-1 vee "
>
3 » T
L ]
P - (L1
2RO S 4 Vint Vags
LR
o s

TL/H/S671-6
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'rypi°3' Applications (continued)
seif-Clocking Multiple A/Ds W External Clocking
W Ovendg LK
{233 ——e| CLE W ‘F"
> -
P S
fork —dcik “w
acw
i: - € Ommq C1a 8
o 100 kHz Ztcy i £ 1460 kHz
*Use a large R value —{ CLE
fo reduce loading
at CLK R output. 4 .
8F MORE THAR § ADDITIONAL
A/, USE A CMO3 BUFFER NOT T21)
self-Clocking in Free-Running Mode 1P Interface for Free-Running A/D
O Veute} e
4 Lo
o—fruts ¢ L5 e\, .
CiK ;
RESET
g “ I 227 1STAGE
" RTTy o » aca 1o et
<m Yol
1] " = <
po ~ STanT® i ' 4
—o g
| q R
- L 1]

“After power-up, & momentary grounding
of the WH input is needed 1o g 0

Operating with “Automotive” Ratiometric Transducers

Vee
Vet
4: »
Yron
X Vinled vee
-
“we . ~ .
tine S — Vit T
a0 w =
1‘ AD >
In Aoceees b3
! = "]’
L AU S, 7Y
i Vage? ®
. YT . 3 ’;
L - . <& a0y
' —~tof 3
Sn
N -
Vin{ =) =0.15 Vet I_ 1

15% of Voo SVxon $85% of Vg

""I "“" Wi

* vo? ] I I smEvenTs a0
NG 4D
[ SATA VPOATE
_____ I,
Reser e ot REsCT
K
Ratiometric with Vrer/2 Forced ver
8 Vel
08
3 ) ver
b
%nu
".J" = em
w
172 Lasaa
vt Vege
i % " :E i

TU/HISE71-7

————

§0800QV/$0800AV/€£0803AVY/20800QY/10802QY
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Typical Applications (continueq)

1P Compatible Differential-input Comparator with Pre-Set Vog (with or without Hysteresis)

| =D ]
O Vit - ._1 I :;: - ’
an !
17 IMIS8A l é -:D N uo % fyeen
Oaed Viat-) Vate | : I J_L =
-{,. J;}
T

*See Figure 5 10 select R value
DB7 = 1" for Vin(+ )> Vin{ =) = (Vge/2)
Omit circuitry within the dotied area o
hysterasis is not needed

Handling * 10V Analog Inputs

tHY  th

— Yot

YWy

>

AL

*Beckman Instruments #694.3.R10K resistor array

IR

s e e e e e

Low-Cost, ;P Interfaced, Temperature-to-Digital Converter

*Circuit values shown are for 0°CaTaon +128°C

A/D can be cafibrated with a pre-set input voltage,

& Vgl = N3
n’ Bvget
o<
Vintel ¥
= <
~ T <
i Pot M\ .
O, = s AR B - o Py
S e 0t WaF
1 T T
A
P Vit $Vpc
=
> 10
(1Y <
Talin S¢——— vt} Vagr? Vj[_:a' wax
1P Interfaced Temperature-to-Digital Converter
Yeo
Vo)
n
1
o “AAA—¢ Vot e
aniiiyy l J
MY 021 . * +
Hav'g e ~ W
10 #F) I
= = w =
v
17 twig
" =
Ta O > G Vi) “Reed 9
AN -
~of
e
**Can calibrate each sensor 10 atiow easy féplacement, then e’ T
TL/H/S671-8
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Typical Applications (Continued)
Handling 5V Analog Inputs

Vee
SVge)
o
<
i
Q1
-
AAA~ Vet .
*
Vi -l
T
= - =

[ai

-

TL/H/5671-33
*Beckman Instruments # 694-3-R10K resistor array

pP Interfaced Comparator with Hysteresis

’

vt wse

Ve 088 }—b> OUTIUT

Vit Vagen?

i

“Vage !
:::Eo—u boie ohe—d

AA
VWA~

= TU/H/S671-35

Analog Self-Test for a System

-

79799 9°%

Vintel

1
CHANNEL
ARALOG AD

[+ 2 1)

Vint-

ol[—-]

]
i

I I I
lkﬂﬂl':"l}

PORT OF TL/H/5671-36

Read-Only Interface
»tus
A
-4
S 2@ 1+ BATA
L (- w
L] -— .11
W

e\ ____/
.
uuu; \—’ <m.m-;-
conveapsa

yTIyT TU/HISAT1-34

Protecting the Input

15 Voo
or

N o

-15 Vu =l
= 8/3
Diodes are 1N914
[y ke
b~ TL/H5671-9

A Low-Cost, 3-Decade Logarithmic Converter

Vol
Wy 2 ¥y 2 oY,

Vi) Vaget

“Vuaxage
=10 Vet

' T

TL/N'§671-37

of

*LM389 transistors
A. B, C, D = LM324A quad op amp

$0800QV/¥08000V/£0800QY/20800AQY/10800QV
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Typical Applications (continued)

3-Decade Logarithmic A/D Converter

A.B,C,D = LM324A

*A/D output data is updated 1 CLK period
prior 10 assertion of INTR

‘Mlomwdnuloulwllwlhgodgeelcg

172 taco
1
wvre -_vnﬂ - Vinie)
7 Lo ~
t.)
™ K A Vat-t VageRt
% ZERO ADS 9
= P4l
X e a
_L < ':m hh i
u.-'.l_ S j»
> >
— °
- - 4
¢ QL = 3 ;s
[Sammaas y " ::u ot
At
"\7: N 1T
- v vV = A
Noise Filtering the Analog Input Muttiplexing Differential Inputs
1uf 6—'
—— m[_ S
O
™ m 177 LM3se *
16 O
) 2. ‘d N ‘6— cunmit
Vinse I . SIFFERERTIAL An
= O— wyx
c— m' b [
= o
L +
O—i
1c=20 Hz m(' ™"
o=
Uses Chebyshev implemantation for stesper roll-off N .
unity-gain, 2nd order, low-pass filter Smen Yat) 1 Horl
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Typical Applications (Continued)

Sampling an AC Input Signal
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Note 2: Consider the amplitude errors which are within the nd of the filter.
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*Use ADC0801, 02, 03 or 05 for lowest power consumption.

Note: Logic inputs can be driven to Vg with A/D supply at zero volts,

Butier prevents data bus from overdriving output of A/D when in shutdown mode.
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Functional Description

1.0 UNDERSTANDING A/D ERROR SPECS

A perfect A/D transfer characteristic (staircase waveform) is
shown in Figure 1a. The horizontal scale is analog input
voltage and the particular points fabeled are in steps of 1
LSB (18.53 mV with 2.5V tied 10 the Vpeg/2 pin). The digital
output codes that correspond 1o these inputs are shown as
D-1,D, and D+ 1. For the perfect A/D, not only will center-
value (A—1,A,A+1,. .. .)analog inputs produce the cor-
rect output ditigai codes, but also each riser (the transitions
between adjacent output codes) will be focated + Y, LSB
away from each center-value. As shown, the risers are ideal
and have no width. Correct digital output codes will be pro-
vided for a range of analog input voltages that extend %,
LSB from the ideal center-values. Each tread (the range of
analog input voltage that provides the same digital output
code} is therefore 1 LSB wide,

Figure 1b shows a worst case error plot for the ADC0801.
Alt center-valued inputs are guaranteed 1o produce the cor-
rect output codes and the adjacent risers are guaranteed to
be no closer to the center-value points than £V, LSB. In

Transfer Function

QIGITAL QUTPUT COOE

A-t A Aet
ANALOG INPUT (Vi)

Transfer Function
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o
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A-1 A AeY
ANALOG INPUT (V)

Transfer Function

-
H]
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[ 1 N
g ?...ua_
2 o} re-d 4
H . ¥
K , !
@ '
2o-1f roy= :

. 1] .

H
. ! i .

A-1 A aAa
ANALOG HIPUT (Vi)

c) Accuracy = + ¥, LSB
FIGURE 1. Claritying the Error Specs of an A/D Converter

other worcs, if we apply an analog input equal to the center.
value Y, LSB, we gusrantee that the A/D will produce the
correct digital code. The maximum range of the position of
the code transition is indicated by the horizontal arrow and it
is guaranteed to be no more than 1, LSB.
The efror curve of Figure 1c shows a worst case error plot
for the ADC0802. Here we guarantee that if we apply an
analog input equal to the LSB analog voltage center-valug
the A/D will produce the correct digital code.
Next to each transfer function is shown the corresponding
error plot. Many people may be more familiar with etror plots
than transfer functions. The analog input voltage to the A/D
is provided by either a linear ramp or by the discrete output
steps of a high resolution DAC. Notice that the error is con-
tinuously displayed and includes the quantization uncertain.
ty of the A/D. For exampie the error at point 1 of Figure 1a
is + % LS8 because the digital code appeared V4 LSB in
advance of the center-value of the tread. The error plots
always have a constant negative slope and the abrupt up.
side steps are aiways 1 LSB in magnitude.

Error Plot
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Functional Description (Continued)

o—-—‘ Yeglol
*Add ff Vage/2 = 1 Ve wih LM358
10 draw 3 mA 1o ground.
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Vage2
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a) Analog Input Signal Example

FIGURE 5. Adapting the A/D Analog Input Voltages to Match an Arbitrary input Signal Range

2.4.2 Reterence Accuracy Requirements
The converter can be operated in & ratiometric mode or an
absolute mode. In ratiometric converter applications, the
magnitude of the reference voltage is a factor in both the
output of the source transducer and the output of the A/D
converter and therefore cancets out in the final digital output
code. The ADCO080S5 is specified particularty for use in ratio-
metric applications with no adjustments required. In abso-
lute conversion applications, both the initial value and the
temperature stability of the reference voltage are important
factors in the accuracy of the A/D converter. For Vep/2
voltages of 2.4 Vpc nominal value, initial errors of £10
mVpg will cause conversion efrors of +1 LSB due to the
gain of 2 of the Vrge/2 input. In reduced span applications,
the initial value and the stability of the Vep/2 input voltage
become even more important. For example, if the span is
reduced to 2.5V, the analog input LSB voltage value is cor-
respondingly reduced from 20 mV {5V span) to 10 mV and
1 LSB at the Vgep/2 input becomes 5 mV. As can be seen,
this reduces the aliowed initial tolerance of the reference
voltage and requires correspondingly less absolute change
with temperature variations. Note that spans smaller than
2,5V place even tighter requirements on the-initial accuracy
and statitity of the reference source.
In general, the magnitude of the réference voltage will re-
quire an initial adjustment. Emdrs due to an improper value
of reference voltage appoar as full-scale errors in the A/D
transfer function. IC voltage regulators may be used for ref-
erences if the ambient temperatﬁre changes are not exces-
sive. The LKI3368 2.5V IC reference diode (trom National
Semiconductor) has a temperature stability of 1.8 mV typ
(6 mV max) over 0°C<TA<-+70°C. Other temperature
range parts are also available.

b) Accommodating an Analog Input from

0.5V (Digital Out = =00yex) to 3.5V
(Digital Out=FFygx)

2.5 Errors and Reference Voltage Adjustments

2.5.1 Zero Error
The zero of the A/D does not require adjustment. If the
minimum analog input voltage value, Vinpuiny, is not ground,
a zero ofiset can be done. The converier can be made to
output 0000 0000 digital code for this minimum input voltage
by biasing the A/D Vin(—) input at this Vingving value (see
Applications section). This utilizes the differential mode op-
eration of the A/D.
The zero error of the A/D converter relates to the focation
of the first riser of the transfer function and can be mea-
sured by grounding the Vi () input and applying a small
magnitude positive voltage to the Vi (+) input. Zero error
is the difference between the actual DC input voltage thatis
necessary to just cause an output digital tode transition
from 0000 0000 to 0000 0001 and the ideal ;3 LSB value
(Y% LSB = 9.8 mV for Vggp/2=2.500 Vpc).

2.5.2 Full-Scale
The full-scale adjustment can be made by applying a differ-
ential input voltage that is 1'%, LSB less than the desired
analog full-scale voltage range and then adjusting the mag-

nitude of the Vpeg/2 input (pin 9 or the Vo supply if pin 9is
not used) for a digital output code that is just changing from
11111110 to 1111 1111,
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Functional Description (continued)

A single point analog ground that is separate from the logic
ground points should be used. The power supply bypass
capacitor and the self-clocking capacitor (if used) should
both be returned to digital ground. Any Vpgp/2 bypass ca-
pacitors, analog input filter capacitors, of input signal shield-
ing should be retumed to the analog ground point. A test for
proper grounding is to measure the zero error of the A/D
converter. Zero errors in excess of % LSB can usually be
traced to improper board layout and wiring (see section
2.5.1 for measuring the zero error).

3.0 TESTING THE A/D CONVERTER
There are many degrees of complexity associated with test-
ing &n A/D converter. One of the simplest tests is to apply a
known analog input voltage to the converter and use LEDs
to display the resulting digital output code as shown in Fig-
ure 7.
For ease of testing, the VRer/2 (pin 9) should be supplied
with 2.560 Vpc and a Vcc supply voltage of 5.12 Vpc
should be used. This provides an LSB value of 20 mV.
If a full-scale adjustment is to be made, an analog input
voltage of 5.090 Vpc (5.120~1Y,; LSB) should be applied to
the Vin(+) pin with the V(=) pin grounded. The value of
the VRer/2 input voltage should then be adjusted until the
digital output code is just changing from 1111 111010 1111
1111, This value of VReg/2 should then be used for all the
tests.
The digita! output LED display can be decoded by dividing
the 8 bits into 2 hex characters, the 4 most significant (MS)
and the 4 least significant (LS). Table ! shows the fractiona!
binary equivalent of these two 4-bit groups. By adding the
voltages obtained from the “VMS" and “VLS" columns in
Table |, the nominal value of the digital display (when

- AAA

[ VWA
150 oF 1 A n 9—O8120Vp:
;; RS
2 " g TANTA (LN
) 1" st
w[
. i
N e
START
s PR 6 9
A
Vit OI-—‘ 3\%—@—4
(17" Jutny ¢—OsVoc
7 " Ei i)
[ 0 {
acno 1
256 Vgp = 3 12
Vage : l
Wit " "
E I vt
= soND w sty
)
TL/HISET1-18

FIGURE 7. Basic A/D Tester

VRer/2 = 2.560V) can be determined. For exampie, for an
output LED display of 1011 0110 or B6 (in hex), the voltage
velues from the table ere 3.520 + 0.120 or 3.640 Vpc.
These voltage values represent the center-values of a per-
fect A/D converter. The effects of quantization error have to
be accounted for in the interpretation of the test resuits.
For a higher speed test system, or to obtain plotied data, a
digital-to-analog converter is needed for the test set-up. An
accurate 10-bit DAC can serve as: the precision voltags
source for the A/D. Errors of the A/D under test can be
expressed as either analog voltages or differences in 2 digi-
tal words.
A basic A/D tester that uses a DAC and provides the error
as an analog output voltage is shown in Figure 8. The 2 op
amps can be efiminated if a lab DVM with a numerical sub-
traction feature is available to read the difference voitage,
“A-C", directly. The analog input voltage can be supplied
by & low frequency ramp generator and an X-Y plotter can
be used to provide analog error (Y axis) versus analog input
(X axis).
For operation with a microprocessor or a computer-based
fest system, it is more convenient 10 present the errors digi-
tally. This can be'done with the circuit of Figure 9, where the
output code transitions can be detected as the 10-bit DAC is

incremented. This provides Y, LSB steps for the 8-bit A/D -

under test. If the results of this test are automaticatly plotted
with the analog input on the X axis and the error (in LSB's)
as the Y axis, a useful transfer function of the A/D under
test results. For acceptance testing, the plot is not neces-
sary and the testing speed can be increased by establishing
internal limits on the allowed error for each code.

4.0 MICROPROCESSOR INTERFACING

To dicuss the interface with 8080A and 6800 microproces-
sors, & common sample subroutine structure is used. The
microprocessor starts the A/D, reads and stores the resuits
of 16 successive conversions, then returns to the user's
program. The 16 data bytes are stored in 16 successive
memory locations. All Data and Addresses will be given in
hexadecimal form. Software and hardware details are pro-
vided separately for each type of microprocessor.

4.1 Interfacing 8080 Microprocessor Derivatives (8048,
8085)

This converter has been designed to directly interface with
derivatives of the 8080 microprocessor. The A/D can be
mapped into memory space (using standard memory ad-
dress decoding foc CS and the MEMRA and MEMW strobes)
or it can be controlled as an 1/0 device by using the 7O R
and [7O'W strobes and decoding the address bits A0 —
A7 (or address bits AB — A15 as they will contain the
same 8-bit address information) to obtain the TS input. Us-
ing the 1/0 space provides 256 additional addresses and
may allow a simpler 8-bit address decoder but the data can
only be input 1o the accumulator. To make use of the addi-
tional memory reference instructions, the A/D should be
mapped into memory space. An example of an A/D in I/0
space is shown in Figure 10.
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Functional Description (continued)
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FIGURE 8. A/D Tester with Analog Error Output
14

V,
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TUN/S671-19
FIGURE 9. Basic “Digitai” A/D Tester
TABLE . DECODING THE DIGITAL OUTPUT LEDs
OUTPUT VOLTAGE
FRACTIONAL BINARY VALUE FOR CENTER VALUES
HEX BINARY WITH
VRer/2=2.560 Vpe
MS GROUP LS GROUP VMS GROUP® | VLS GROUP*
Flt1r 1 1 1 15/16 15/256 4.800 0.300
E|l1 1 1t o 7/8 7/128 4.480 0.280
Dt t 0 1 13/16 13/256 4.160 0.260
Cl1 1 0 o 3/4 3/64 3.840 0.240
B (1 0 1 1 11/16 11/256 3.520 0.220
Al1 o 1 o 5/8 5/128 3.200 0.200
11 0 0o 1 9/16 9/256 2/880 0.180
81 0 0 o 12 1/32 2/560 0.160
T1o 1 1 1 7/16 7/256 2.240 0.140
6§10 1 1 o 3/8 3/128 - 1.920 0.120
510 1 o0 1 5/6 2/256 1.600 0.100
{10 1 o0 o 1/4 1/64 1/280 0.080
1j0 o0 1 14 3716 3/256 0.960 0.060
210 0 1 o 1/8 1/128 0.640 0.040
1o o o 1 1116 1/256 0.320 0.020
Lo 0o 0o o o 0
Depley Output = VMS Group + VLS Group
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0038

0100

0103
0106
0107
0109
010C
0l0E
O10F
0110
0113

0300
0302
0303
0304

Functional Description (continued)

Dc > INT (14)
< PTWR cor*
< fIUN0 asr*
1Y
AAA
VWA
1 u | 4+
vl vee b—l—o: W Wt
-;O L1 [1T1)] " T
-—O. W o8 ";'————’lll W
; LN o8t ——————b‘ os1(18)°
'——";'O et P [ [+] —-——’ 'u““
AnALos O~ 7 Yimgsy 88} —-——-—.——_’ o2 ®
mrUTIG, . Ying- o84 _____’ one s
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— O“— Vagrl? (13 -T—____’o.. o
06RO 081 e 087 (11"
[
[o]
ouT Vee
| I [ < ADYS 36)
" [ e L ]
n St B e Y ALY
n COMPARATOR [ —C ADY2 (37)
n 3 ¢ AD11 (40}
I ] < ADIE (1)
J{
U TL/H/S6T1-20

Note 1: “Pin numbers for the DPB228 system controller, others ara INS8080A.

Note 2: Pin 23 of lhe msazza must be tied 1o ~ 12V through a 1 kil resistor to generate the AST 7
instruction when an i ptis
FIGURE 10. ADC0801-INS8080A CPU Interface

as required by tha accompanying sample prog

SAMPLE PROGRAM FOR FIGURE 10 ADC0801~INS8080A CPU INTERFACE
Jup LD DATA

C30003

L
L]

210002

310004
k)]

FE OF
CA1301
D3 E0
FB

00
C30F 01

DB EO
77

3
C30301

RST7:

START:

RETURN :

LOOP:

CONT:

-
(User programto
process data)

*

.

LD DATA:

LXI H 0200H

LXI SP 0400H
MOVA, L
CPIOFH

JZ CONT
OUTEOH

EI

No?

JuP LooP

INEOH

MOV M, A
INXH

JMP RETURN

sHLpalrwill point to

s data storage locations
s1Initialize stack pointer (Note l)
; Test # of bytes entered
;It#=16. IMP to

s user program

s Start A/D

s Enable interrupt

; Loopuntil end of

s conversion

" ;Load data into accuzulator
; Store data
; Increment storage pointer

Note t: The stack pointer must be dimensioned because a RST 7 mstruction pushes the PC onto the stack.
Note 2: AK address used were arbitrarily chosen.




A T e

S e wm o e

Lad ot

P ——

REET Y S W comorenme

T 8 i o v -

T e

e

—

Functional Description (continued)

The standard control bus signals of the 8080 T3, RD and
%) can be directly wired to the digital controf inputs of the
A/D and the bus timing requirements are met to allow both
starting the converter and outputting the data onto the data
tws. A bus driver should be used for larger microprocessor
systems where the data bus leaves the PC board and/or
must drive capacitive loads larger than 100 pF.

4.1.1 Sample 8080A CPU Interfacing Circuitry and
Program

The following sample program and associated hardware
| ghown in Figure 10 may be used 1o input data from the
! converter to the INSB0BOA CPU chip set (comprised of the
! INSBOBOA microprocessor, the INS8228 system controfler
+ and the INS8224 clock generator). For simplicity, the A/D is
controlled as an I/0 device, specifically an 8-bit bi-direction.
ol port located at an arbitrarily chosen port address, £0. The
TRI-STATE output capability of the A/D eliminates the need

is still required to generate the appropriate C3 for the con-
verter.

It is important to note that in systems where the A/D con-
verter is 1-0f-8 or less 1/0 mapped devices, no address
decoding circuitry is necessary. Each of the 8 address bits
(AO to A7) can be directly used as TS inputs—one for each
170 davice.

4.1.2 INS8048 Interface

The INSB048 interface technique with the ADC0801 series
(see Figure 11) is simpler than the 8080A CPU interface.
There ere 24 1/0 fines and three test input fines in the 8048,
With these extra I/0 fines available, one of the 170 fines (bit
0 of port 1) is used as the chip select signal to the A/D, thus
efiminating the use of an external address decoder. Bus
control signais RD, Wi and INT of the 8048 are tied directly
1o the A/D. The 16 converted data words are stored at on-
chip RAM locations from 20 to 2F (Hex). The RD and WR
signais are generated by reading from and writing into a
dummy address, respectively. A sample interface program
is shown below. .

!
13
; for a peripheral interface device, however address decoding
5

$v,
. oc

0410 Jup
ORG
04 50 JMP
ORG
99 FE ANL
81 MOVX
8901 START: ORL
B8 20 Kov
B9 FF MoV
BA 10 MoV
23 FF AGAIN: Mov
99 FE ANL
91 KOVX
05 EN
96 21 LOOP: Nz
EA 1B DINZ
00 NOP
00 NOP
ORG
81 INDATA: MoV
A0 MoV
18 INC
8901 ORL
27 CLR
93 RETR

: T o
. vee L n o Voo T Wet
, on ‘::  ons =
oz te Hlon
mle Bloe
omfel Yo
oL {11
™ ‘" 12 P
st ggpletd Li} AoCs0
;/ 150 9F
. ([
Sy s el
4
L : % M oakm =
arles wih =
o2 ol -acwof +
s ocup
ANALDG =1 Vixle)
ves eyt Vigl-) -
BES

TL/H/SET1-21

FIGURE 11.INS8048 Interface
SAMPLE PROGRAM FOR FIGURE 11 INS8048 INTERFACE

10H : Programstarts at addr 10
3H
50H s Interrupt jump vector
108 i Mainprogram
Pl, #OFEH tChip select
A, @Rl :Read inthe 1st c¢ata
itoreset the intr
Pl, #1 :Set port pinhigh
RO, #20H :Data address
Rl, #OFFH s Dunmy address
R2, #10H : Counter for 16 bytes
A, #OFFH i Set ACC for intr loop
Pl, #OFEH :Send CS (bit 0 of P1)
@R1, A + Send WR out
I :Enable interrupt
Loop :Wait for interrupt
R2, AGAIN 1 If 16 bytes are read
s 8otouser'sprogram
S50H
A, @Rl : Input data, CSstill low
@RO, A i Store {inmemory
RO i Increment storage counter
PL, #1 s Reset CS signal
A :Clear ACCto get out of

i the interrupt loop

§0800QY/¥0800AV/£0800AV/20800aV/ Logooav
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Functional Description (continued)

4.2 Interfacing the 2-80
The Z-80 control bus is slightly different from that of the
8080. General RD and WH strobes are provided and sepa-
rate memory request, MREQ, and 1/0 request, iORG, sig-
nais are used which have to be combined with the general-
ized strobes to provide the equivalent 8080 signals. An ad-
vantage of operating the A/D in I/0 space with the Z-80 is
that the CPU will automatically insert one wait state (the D
and WR strobes are extended one clock period) to altow
more time for the I/0 devices to respond. Logic 1o map the
A/D in 170 space is shown in Figure 13.

L] Ao 2y UJ
(1] A
[ B
L]
TUH/SETL-23

FIGURE 13, Mapping the A/D as an 1/0 Device
for Use with the Z-80 CPU

Additional 1/0 advantages exist as software DMA routines
are available and use can be made of the output data trans-
fer which exists on the upper 8 address lines (A8 to A15)
during 1/0 input instructions. For example, MUX channel
selection for the A/D can be accomplished with this operat-
ing mode.

4.3 Interfacing 6800 Microprocessor Derivatives
(6502, etc.)

The control bus for the 6800 microprocessor derivatives
does not use the RD and WR strobe signals. Instead it em-
ploys a single R/W line and additional timing, if needed, can
be derived fom the ¢2 clock. All I/0 devices are memory
mapped in the 6800 system, and a special signal, VMA,
indicates that the current address is valid. Figure 14 shows
an interface schematic where the A/D is memory mapped in
the 6800 system. For simplicity, the TS decoding is shown
using Y; DM8092. Note that in many 6800 systems, an al-

ready decoded 475 kine is brought out to tha common bus at
pin 21. This can be tied directly to the TS pin of the A/D,
provided that no other devices are addressed at HX ADDR:
4XXX or 5XXX.

The following subroutine performs essentially the same
function as in the case of the 8080A interface and it can be
calfed from anywhere in the user's program.

In Figure 15 the ADCOB01 series is interfaced to the M680Q
microprocessor through (the arbitrarily chosen) Port B of the
MC6820 or MCE821 Peripheral Interface Adapter, (PIA).
Here the TS pin of the A/D is grounded since the PIA is
already memory mapped in the M6800 system and no T3
decoding is necessary. Also notice that the A/D output data
lines are connected to the microprocessor bus under pro-
gram control through the PIA and therefore the A/D RD pin
can be grounded.

A sample interface program equivalent to the previous one
Is shown below Figure 15. The PIA Data and Contro! Regis-
ters of Port B are located at HEX addresses 8006 and 8007,

respectively.

5.0 GENERAL APPLICATIONS

The following applications show some interesting uses for
the A/D. The fact that one particular microprocessor is used
is not meant to be restrictive. Each of these application ck-
cuits would have its counterpart using any microprocessor
that is desired.

5.1 Multiple ADC0801 Series to MC6600 CPU interface

To transfer analog data from several channels to a singls
microprocessor system, a muitiple converter scheme pre-
sents several advantages over the conventional multiplexer
single-converter approach. With the ADC0801 series, the
differential inputs allow individual span adjustment for each
channel. Furthermore, all analog input channels are sensed
simultaneously, which essentially divides the microproces-
sor's total system servicing time by the number of channels,
since all conversions occur simultaneously. This scheme is
shown in Figure 16.
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FIGURE 14. ADC0801-MC6800 CPU Interface
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0010
0012
0015
0018
0018
001C
001D
00L1F
0022
0024
0027
0028
002A
002¢C
002E
0031
0033
0034

0036
0038
003B
003D
003F

DF 368
CE 00 2C
FF FF F8
B7 50 00
OE
3E
DE 34
8co207
2714
B7 50 00
08
DF 34
20 FO
DE 34
B6 50 00
A7 00
3B
0200

0000
CE 02 00
DF 34
DE 36
39

Functional Description (continued)

SAMPLE PROGRAM FOR FIGURE 14 ADC0801-MC6800 CPU INTERFACE

DATAIN

CONVRT

INTRPT

TEMP1

TEMPZ ,
ENDP

STX
LDX
STX
STAA
CLI
WAL
LDX
CPX
BEQ
STAA
INX
SIX
BRA
LDX
LDAA
STAA
RTI
FDB

FDB
LDX
STX
LDX
RTS

Note 1: In order for the mucroprocessor 1o service subroutines and interrupts, the stack pointer must be dimensioned in the user's program.

TEMP2 ; Save contentsof X
#$002C + Upon IRQ 1ow CPU
$FFF8 s Jumps to 002C

$5000 s Start ADCO&01

s Wait for interrupt

TEMP1

#8020F ; Is final data stored?
ENDP

$5000 ; Restarts ADC0801
TEMP1

CONVRT

TEMPL

$5000 ; Read data

X ;StoreitatXx

$0200 ; Starting address for

. s data storage

$0000

#80200 sReinitialize TEMP)
TEMPL1

TEMP2

s Return froz subroutine
: Touser's program

Blen
< LS FY¥)
10K
AN'
‘o N Vee Bosw
2of75 cuknf
Vs b osef ptem A
CLKIN o8t »ir8t
% INTR (1 7] 16 uﬁ* re2
AnALog O— : ViN(e) S onafts LN P -
INPUTS O : Vi) o8t :; :;; -
1% .F—— . AGNO 085 2 E: P85
-[: 0"'— VRerR osers i
,% 0 GND (-] 4 —P{r8?
i

FIGURE 15. ADC0801-MC682D PIA Interface

TL/R/S671-25

$0800QVY/v0800QY/€0800AY/20800AV/10800QY
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Functional Description (continued)

SAMPLE PROGRAM FOR FIGURE 15 ADC0801-MC6820 PIA INTERFACE

0010 CE00 38 DATAIN LDX
0013 FFFFF8 STX
0016 B6 80 06 LDAA
0019 4F CLRA
0014 B7 80 07 STAA
001D B7 80 06 STAA
0020 0E CLI
0021 C6 34 LDAB
0023 86 3D LDAA
0025 F780 07 CONVRT STAB
0028 B780 07 STAA
002B 3E WAI
002¢C DE 40 1DX
002E 8C 02 OF . CPX
0031 27 OF BEQ
0033 08 INX
0034 DF 40 STX
0036 20 ED BRA
0038 DE 40 INTRPT fpx
0034 B6 80 06 LDAA
003D A700 STAA
003F 3B RTI
0040 0200 TEMPL FDB
0042 CE 0200 ENDP LDX
0045 DF 40 STX
0047 39 RTS
PIAORB EQU
PIACRB EQU

The following schematic and sample subroutine (DATA IN)
may be used to interface (up to) 8 ADC0801's directly to the
MC6800 CPU. This scheme can easily be extended to allow
the interface of more converters. tn this configuration the
converters are (arbitrarily) tocated at HEX address 5000 in
the MC6800 memory space. To save components, the
clock signal is derived from just one RC pair on the first
converter. This output drives the other A/Ds.

All the converters are started simultaneously with a STORE
instruction at HEX address 5000. Note that any other HEX
address of the form 5XXX will be decoded by the circuit,
putiing all the TS inputs low. This can easily be avoided by
using a more definitive address decoding scheme. All the
interrupts are ORed together to insure that af A/Ds have
completed their conversion before the microprocessor is in-
terrupted.

The subroutine, DATA IN, may be called from anywhere in
the user’s program. Once called, this routine initializes the

#$0038 : Upon TEQ low CPU
$FFF8 + Jumps to 0038
PIAORB ; Clear possible IRG flags
PIACRB
PIAORB ; Set Port B as input
#$34
#$3D
PIACRB : Starts ADC0O801
PIACRB
s Wait for interrupt
TEMP1
#$020F s Is final data stored?
ENDP
TEMP1
CONVRT
TEMPL
PIAORB ; Read data in
X ;StoreitatX
$0200 ; Startingaddress for
; data storage
#80200 sReinitialize TEMPL
TEMPY
s Return from subroutine
$8006 ; Touser's program
$8007

CPU, starts all the converters simultaneously and waits for
the interrut signal. Upon receiving the interrupt, it reads the
conwerters (from HEX addresses 5000 through 5007) and
stores the data successively at (arbitrarily chosen) HEX ad-
dresses 0200 to 0207, before returning to the user's pro-
gram. All CPU registers then recover the ofiginal data they
had before servicing DATA IN.

5.2 Auto-Zeroed Differential Transducer Amplifier
and A/D Converter

The differential inputs of the ADC0801 series eliminate the
need to perform a differential to single ended cdnversion for
a differential transducer. Thus, one op amp can be eliminat-
ed since tha differential to single ended conversion is pro-
vided by the ditferential input of the ADCO801 series. In gen-
eral, a transducer preamp is required 1o take advantage of
the'full A7D converter input dynamic range.
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FIGURE 16. Interfacing Multipte A/Ds in an MC6800 System
SAMPLE PROGRAM FOR FIGURE 16 INTERFACING MULTIPLE A/Ds IN AN MC6800 SYSTEM
ADDRESS HEX CODE MNEMONICS COMMENTS
0010 DP44- DATAIN SIX TENP : Save Contentsof X
0012 CE 00 2A LDX #$0024 : Upon IRQ LOW C7U
0015 FFFFF8 STX $FFF8 : Jumps to 0024
0018 B7 50 00 STAA $5000 :StartsallA/d's
001B OE CLI
001C 3E WAI :Wait for interrupt
001D CE 50 00 LDX #$5000
0020 DF 40_ STX INDEX1 :Reset both IXZEX
0022 CE0200 LDX #50200 :land 2to sterting
0025 DF 42 STX INDEX2 1 addresses
0027 DE 44 LDX TEMP
0029 39 RIS :Return from sitbroutine
002A DE 40 INTRPT LDX INDEX1 ¢ INDEX1 — X
002C A8 00 LDAA X :Read datainZromA/Dat X
002E 08 IRX s Increment Xty one
002F DF 40 STX IRDEX1 ¢+X — INDEX1
0031 DE 42 LDX INDEX2 s INDEX2 — X

$0800AV/¥08000V/£0800AV/208000V/10800aV
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Functional Description (continued)

RE 76 INTERFACING MULTIPLE A/Os IN AN MC6800 SYSTEM

COMMENTS
X ;Stere dataat X
#30207 ;Have al1 A/D*steenread?
RETURN ; Yes: branch to FETURN

:Ho: increment X by one

INDEX2 :+ X — IKDEX2
INIRPT : Breznch to 0024
$5000 s Sterting address forA/D
£0200 : Sterting address for data storage
$0000

SAMPHE PROGRAM FOR FIGU
ADORESS HEX CODE MNEMONICS
0033 A7 00 STAA
0035 8C0207 cpx
0038 2705, BEQ
003A 08 INX
0038 DF 42 SIX
003D 20EB BRA
O003F 3B RETURN RTI
0040 50 00 INDEX1 FDB
0042 0200 INDEX2 FDB
0044 00 00 TEMP FDB

Note 1: in order for the microprocessor to service subroutines and interrupts, the stack pointer must be cimensionad in the user’s program.

* For amplification of DC input signals, & major system error is
the input offset voltage of the amplifiers used for the
preamp. Figure 17 is a gain of 100 differential preamp
whose offset voltage errors will be cancelled by a zeroing
subroutine which is performed by the INS8080A microproc-
essor system. The total aliowable input offset voltage error
for this preamp is only 50 pV for ¥, LSB emor. This would
obviously require very precise amplifiers. The expression for
the differential output voltage of the preamp is:

2R2
Vo = IVin(+)=Vin(=)) [1 ST Y
W7 L5 W Ny

SIGNAL GAIN

2R2
Vos, = Vos, ~ Vosy * ) (1 + 22 )
I\ J \ ERT)

v

DC ERROR TERM GAIN

where Iy is the current through resistor Ry. All of the offset
error terms can be cancelled by making tIxRx>= Vosg +
Voss — Vosz. This is the principle of this auto-zeroing
scheme.

The INSB080A uses the 3 1/0 ports of an INS8255 Pro-
gramable Peripheral Interface (PP1} to control the auto zero-
ing and input data from the ADC0801 as shown in Figure 18.
The PPl is programmed for basic 1/0 operation (mode 0)
with Port A being an input port and Ports B and C being
output ports. Two bits of Port C are used to alternately open
or close the 2 switches at the input of the preamp. Switch

SW1 is closed to force the preamp’s differential input to be
zero during the zeroing subroutine and then opened and
SW2 is then closed for conversion of the actual differential
input signal. Using 2 switches in this manner eliminates con-
cern for the ON resistance of the switches as they must
conduct only the input bias cumrent of the input amplifiers.
Output Port B is used as a successive approximation regis-
ter by the 8080 and the binary scaled resistors in series with
each output bit create a D/A converter. During the zeroing
subroutine, the voltage at Vy increases or decreases as re-
quired to make the differential output voltage equal to zero,
This is accomplished by ensuring that the voitage at the
output of A1 is approximately 2.5V so that a logic “1" (5V)
on any output of Port B will source cutrent into node Vy thus
raising the voltzage at Vx and making the output differential
more negative. Conversely, a logic 0" (OV) will pull current
out of node Vy and decrease the voltage, causing the differ-
ential output to become more positive. For the resistor val-
ues shown, Vx can move =12 mV with a resolution of 50
pV, which will nufl the offset error term to Y, L.SB of full-
scale for the ADC0801. Itis important that the voltage fevels
that drive the auto-zero resistors be constant. Also, for sym-
metry, a logic swing of OV to 5V is convenient. To achieve
this, a CMOS buffer is used for the logic output signals of
Port B and this CMOS package is powered with a stable 5V
sowce. Buffer amplifier A1 is necessary sc that it can
source or sink the D/A output current.
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FIGURE 17. Gain of 100 Differential Transducer Preamp
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PIEZOELECTRIC ELEMENTS

Piczoelectric devices produce mechanical work when they are cxcited electrically, or
they generate electrical energy when they are driven mechanically. The most exten-
sively used materials in these devices are crystals—quartz, tourmaline, Rochelle salt
(sodium potassium tartrate), lithium niobate. lithium tanalate, cadmium sulfide,
zinc oxide and ceramics—barium titanate, ammonia dihydrogen phospnate (ADP),
lead zirconate—lead titanate (PZT), and so forth.

The crystalline materials are inherently piezoelectric: lhcy exhipit electrical

charges with the deformation of the crystal lartice. ’IMW
terials arrTade by baking small crystallites Umderpressure 2gd placing the specimens

c electnic field where they are polarized 2long the figld direction’and
acquire piezoelectric properties. In piczoelectric ceramics, the piczoeffect is partic- w\’°‘*’°
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ularly strong. From a design poiny.ofView, they are very ufiiversal because the v grsp—
tile shapes and sizes of parts can be obtained by simple molding. However, when a_

precision electromechanical operation is required, the monocrystailine rather the

olverystalline s is preferable. Recent developments in new transduction ma-

terials have led to the invention of piezoelectric materials such as polymers and
flexible piezoelectric ceramics [429]). The elements fabricated of these materials have
practically no constraints in size, and they are light and flexibie. Piezoeiectric poly-
mer films are presently made of polvvinylidene {luoride and are often referred to as

PVF, or PVDFE.
Because of the specific properties of piezozlectrics, thres areas of their appli-

caiion are most noieworthy:

1. Conversion of displacement, acceleraiion, force, pressurs, siress, and

strain into an electrical signal (direct effect);

Production of displacement, and force, or radiation of visratory energy

(e.g., acoustic wave) in response to the applied voltage (reverse 2ffect); and

3. Operation in resonating structures for the most efficiert radiation of
energy, sensing of physical valucs, filtration of electrical signals, and gen-
eration of stable pulses (direct and reverse effects).

?J

Due {0 its mechanical perfections, crystalline quartz (5i0,) is ore of the most
attractive materials for the construction of transduction elements. Quartz belongs
to the triogonal trapesohedral class (32) of the rhomboheadral subsystem {306}
(Fig. 9.41). The lattice type is hexagonal and characterized by one axis of two-fold

per}endi«.ular symmetry and separation by angles of 120°C. There are no genters of

pgymmetry and no planes of symmetry. The reference axes .X, ¥, and Z are called
electrical, mechanical, and optical, respcctW . _There are three X-axes perpendicu-

la\rftq_xhclga&s and passithrough the crystal edges (axes of two-foid symmetry).
rtot ~axi rough the

faces. Ihc Z-axis is the axis of three-fold symmetry,
The piezoeffect in quartz is illustrated by Figure 9.42. The silicon atoms are in

four-coordination with oxygen and form a SiO, tetrahedron, which is the basic unit

of the structure. Each oxygen is shared with two silicon atoms. Each ion of Si with

charge +4de is lintked with four ions of O having charge — 2e each. In a still condi-

tion,-all'the charges are compensated and the c=ll is neutral. If the cell is deformed
along the X-or Y-axis, the O-ion is displaced, and positive or negative charges are
formed, as shown in Figure 9.42. The same model can be used to explain the reverse
effect. An element will vibrate at a high amplitude if it is cut from the crystal and
excited by an ac voltage having a frequency close to the frequency of the natural
mechanical resonance. These vibrations are intense, and the element establishes a
frequency of oscillation in the electrical circuit providing excitation. Since the
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Figure 9.41 Quartz crystal. a = crystal, b = element cut from crystal under stress.

Figure 9.42 Piezoeffect in quarnz.

mechanical properties (Table 9.3) of quanz are very stable, the frequency of the
electrical signal is also stable. The mechanical state of the element can be changed by
applying external force, varying its temperature, or adding a mass to the vibrating
body. These factors alternate the frequency of vibration, making the element sen-
sitive to the specific physical values. The range of the quartz resonator frequencies
is fairly wide: from units of kilohertz to hundreds of megahertz. The electrical
and mechanical properties of the elements greatly depend on their shape, size, and

TABLE 9.3
Some Properties of Quartz (Adopted from [306])
Temperature (T)
Property Value || Z Value | Z dependency

Thermal conductivity 29 x 10-3 16 x 103 decreases with T
{caliicm - 8- °C)] =

Dielectric constant 4.6 4.5 decreases with T

Thermat expansion 7.1 x 10-¢° 13.2 x 10-* increases with T
coetficient (1/°C]

Electrical resistivity 0.1 x 10" 20 x 10'S decreases with T
[2-cm) (lonic) (electronic)

Young's modulus 9.7 x 10*° 7.6 x 10' decreases with T
[N/m?)

Density [kg/m?] 2.65 x 10°

Curie temperature [°C] 573
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plate with metallization

electricity to the crystal. Table 9.4 illustrates {430} the b
elements. The deformation of the element can be quite complex. For example,

element is composed of two bonded

by twisting.
The analy

presentation of the ¢lectromechanical characteris

TABLE 9.4
Basic Actions of Piezoelectric Elements (Source: [430])

direction of cut. The simplest form of the element is a circular or rectangular flat
on the surfaces. Metal films are used to pick up or to deliver

asic piezoelectric actions of
if the

plates, a shear deformation cax be accompanied

sis [431] of crystalline elemsnts is based on a three-dimensional

istics of piezoelectrics.

Basic deformations

Typical applications

Thickness shear

i O/

+

Delay-line transducers; ultrasonic transducers;
accelerometers; high-frequency (esonators

Face shear

o + +

Headphones; microphones; twister “Bimorph”
phonograph cartridges

Thickness expansion

N oo R i =

-+

Delay-line transducers; ultrasonic testing and cleaning
transducers; high-frequency resonators

Transverse length expansion

L7
o "'__,/ +

Sonar transducers and hydrophones; “Bimorph”
phonograph cartridges; headphones; microphones;
tweeters; clock drivers; heart pacers

Parallel length expansion

D,

Sonar radiating transducers; ultrasonic bonders and
welders; ultrasonic solder cleaners

Poled-alérig this axis

OBO

Planar expansion

“Bimorphs" and “Unimorphs™ for labs; tweeters for
cameras, radios, and simpie alarms; transmitters and
recelvers for intrusion alarms
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As described previously, the charges developed on the surfaces of the element

are proportional to the applied force. For the analysis, polarization P [C/m?] is
usually taken as a measure of charge amount. P can be regarded as a charge density
(by definition, P is a vector quantity equal to the electric dipole moment per unit
volume of material). The measure of force is stress ¢ (N/m?). The relation between

these two values is established by using the proportionality coefficient d {C/N],
which is called the piezoelectric constant:

P = do. (9.92)

The reverse effect is described by another equation:
x = gP 9.93)

where x = strain, dimensionless, and
g = constant coefficient, m¥/C.

In this formula, the magnitude of P is defined by the source supplying charges. It is
known that

P = ¢fe, ~ 1)E (9.94)
where ¢, = permittivity of free space, C*/N-m?;
¢, = dielectric constant, dimensionless; and
E = electric field strength, N/C or V/m.
It is proved in thermodynamics that
€8le,—1) = d. (9.95)

Therefore, the same constant is used for the description of the direct and reverse
effects:
x=d-E. (9.96)

Another essential characteristic of the element is electromechanical coupling
coefficient k. By definition, its square is equal to the ratio of the clectrical energy
generated by the element per unit volume W, {N/m?] to the total energy per unit

volume needed for its deformation W” {J/m?].
K=w/Ww, W=W+W, ad W,=Bx/2 (.97

where W7, = nfechanical component of ¥”, N/m?, and
= Young’s modulus, N/m?>.

The effective modulus of elasticity B, found from the equation W' = B_x*/2
is larger tham B:

B, = B/(1 - K?). (9.98)

When the reverse piezoeffect is used, the energy of the power supply is spent for the
charge of the element as a capacitor: W, = CU?/2 3] (C [Fl is capacitance, and U

{V] is voltage), and for the deformation of the structure: W, [J].
The total energy W (J]isasum: W = W, + W,,. Since W > W, the effective

value of the capacitance C,, is determined from the set of relationships [431}:
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W=CeU%2, W,=W-W, k=W/W, 9.99)-

Ccf -C = €er — 6,,= kz (9 100)
Cer €er

where e = effective diclectric constant determining C,,.

The values of & are measured in experiments, and they are the same for the
direct and reverse effects. The coupling coefficient is a true measure of the
piezoclectric effect because it is independent of the level of clastic stiffness or
permittivity. This coefficient can be specific and defined not only by the properties
of the material but also by the features of the construction. For ceramic materials,
k is defined as a planar electromechanical coupling coefficient k, (“planar cou-
pling”). This coefficient characterizes a radial vibration of a thin disk with electrodes
on its surfaces.

The mechanical quality factor Q,, is the characteristic that is given by the ratio
of the equivalent reactance to the equivalent resistance of losses in & vibrating
element. The magnitude of Q,, is determined from experiments using the following
formula:

2
" 2/,Z,C07 - 1)

frequencies at maximum and minimum impedances of element,
respectively, Hz;
Z,, = minimum impedance of element, Q; and

C = element capacitance (usually measured at 1000H2), F

Om 6.101)

where £, and f,,

Curie temperature T, given in °C is also an important characteristic determining the
natural limit in the application of materials.

As it follows from the theory in Mechanical Characteristics of Semiconductors
in Chapter 7, the stress can be introduced by a tensor of rank two having nine
components g;;. Due to the symmetry, six components are left: 6y, 63, and ¢, for the
compression or tension (taken negative); ds, 0, and o, for the shear.

From equations 9.92 and 9.96,

PI = jEdﬂO‘j = dua_,- (9.]02)
=]
3
X = EdijEl = d;E, (9.103)
=1

where i = 1, 2, and 3 are tlgg aumbers of the components of polarization, and
J=1,2,..., 6 are the numbers of the-cdmponents of mechanical stresses
or strains. )

The diéfectric constant is a third-rank tensor containing 3 X 6 = 18 compo-
nents d;;. Depending on the type of its lattice, the crystal can be characterized bya
number of terms different from zero. For an isotropic material free of piezoeffect, all
the terms are zero. The piezoelectric behavior of a crystal can be described in detail
if the set-of data related to the piezoelectric constants dy;, elastic compliances Sy
(m?/N], and permittivity ¢, are given. This set can be introduced bya9 x 9 matrix
[431] in which columns are associated with mechanical stresses and field strengths,
and rows refer to strains and polarizations.
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Piezoelectric Elements 409
E, E, E
X; | Sy Siz Siz Sis Sis Sie dy; dy dy
Xy | S21 Sz S23 S S2s S26 dy; dyy dy,
X3 | Sy S;z S3 S S35 Sk | di dy di
Xy | Sy Sa2 Si3 S Sas Sus | dya A dy,

Xs | Ss1 Sex Ss3 Ssa Sss Sse | dis das dis (9.104)
Xe | S Se2 Se3 Ses Ses Ses | dis dyg dyg

P, | dy dy; dyy diy dis dig | € €12 €3

P, | dy dyp dy dy dys dy | € €2 €n
Py | dy; dy; dyy dyy dys dig | €31 €32 €3

gy 0, 0y 04 gs Og

This matrix is symmetrical (S;; = Sy, € = €x). Generally, it is composed of 45
terms including 21 compliances, 6 permittivities, and 18 piezoelectric constants. The
following is an example of how the expansion can be written for P’s, E’s, and €’s:

Py = ey, + ey + ek
Pz = €2|E| + ezzEz + 62353
P} = 63|E| + E;zEz + 63353. (9.105)

For a crystalline quartz (see the arrangement of the components in the left lower
corner of relations 9.104) the matrix for dj; is

dy -d, 0 dy 0 0
0 0 00 -d, -2, (9.106)
0 0 00 0 0
For lithium niobate (LiNbQO,) and lithium tantalate (LiTaO,),
0 0 0 0 dy —dy |
—dy dyy 0 dis 0 0 | 9.107)
dy, dy; di3 0 0 0
For the cubic crystals of CdS, ZnS, and ZnO,
0 0 0 dyo 0
0O 0 0 0 d, O (9.108)
¢ 0 0 0 O dy,

For the piezoceramic material with residual polarization along the Z-axis,

Q 0 0 0 dis 0
0 0 0 dy=ds0 0 (9.109)
dy, dyy = dy dy; 0 6 0

The subscripts 1, 2, and 3 indicate the x-, y-, and z-axes, respectively.
In the piezoclectric constants, the first subscript refers to the direction of the
= field; the second subscript refers to the direction of the strain. For example, in
dy = dy, i = 3 indicates that electrodes are perpendicular to the 3-axis, and the
piezoelectric-induced strain or the applied stress is in the 3-direction.
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ed notation with one subscript is usually taken for the dielectric con-

A simplifi
the defined orientation of the crystal-

Stants: €, = €, € = €, and €3y = & For

lographic axes, ¢, = 0 for i # k.
Tables 9.5 and 9.6 give the most essential characteristics of several piezoclectric

monocrystalline and ceramic materials.
Following is a list of a dozen more materials [432] with two characteristics in
the parentheses: k and e for the elements transducing longitudinal waves (k’s are the

first figures):
LiTa0, (0.34, 10.8); Ba,NaNb,0,5 (0.57, 32); Nay Ko sNby (0.46, 306);
LiGa0, (0.30, 8.5); LilO; (0.49, 6.6); PbTiO, (0.78, 126); PbNb,O, (0.63,
240); Bi,;GeOy, (0.19, 38.6); BaSi,TiO, (0.11, 11); CdSe (0.12, 10.2); GaAs

(0.02, 12.5); and plastic film, PVF, (0.12, 4).

The composition of many materials and their technologies are property of the

manufacturers and are continuously under development.
In terms of their operational characteristics, all the materials can be divided

into several classes:

In the first class are materials for the conversion of low-level mechanical or
acoustical signals. In this case, the important characteristic is the piezo-
electric constant. The dielectric and mechanical losses are not essential.
Materials belonging to the second class work under the conditions of high
electrical and mechanical strain, such as in power radiators of ultrasonic
energy. Low losses, high magnitude of the quality factor, and high resis-
tance to depolarization are important for this application.
Materials in the third class work in the elements for which the stability of
frequency of the generated signals is determined by the oscillatory charac-
teristics of the element (filters, clocks, etc.). A high quality factor, low tem-
perature drifts, and high stability in time are required for this application.
Materials in the fourth class work in extreme conditions; for example, at
elevated temperatures. There are several materials that can operate at rela-
tively high temperatures (above 300°C). Exceeding the Curie temperature
destroys the spontaneous polarization and, as a result, piezoelectrical

properties of the material.

I.

When an element works in the mode of conversion of mechanical deformation
into an electrical signal or reverse, its performance is described by the basic rela-

tionships given in the beginning of this section.

Characteristics of Piezoelectric Monocrystals (Adopted from [431])

Crystal

f

Piezoslectric constant
dp 1 % 10~ "*[CIN] Eot

Quartz (Si0,)
ZnS

., CdS

Zn0
KDP, KH,PO,
ADP, NH,H.PO,

Rochelle Salt at 34°C  dyq = 345; Opg = 54; dyg = 12

BaFiO,
NGO,

dyy = 2.31;dyq = 0.7 £, = 452, & = 4.63
d,, = 3.18 & =837
dys = =14: dyg. = 10.3; dyy = ~5.2 g, = 9.35; &y = 10.3
Oyg = ~12.034 = 12, dyy = ~4.7 €y = 8.2
dyy = 1.3; dgg = 21 €, =42, 65 = 21
dye = = 1.5, dag = 48 £, = 56, &5 = 15.4
€, = 205; €, = 9.6; & = 9.5
dys = 400; dyy = 100: dyy = =35 &, = 3000; & = 180
dyy = —1.3; dyy = 18; dpp = 20;d,s = 70 €, = B84; 6, = 29
da,--szdu-7:d22-7.5;d,,-26 £, = 53; & = 44

A

0000000000
DOOOVAOWN -
< S

~N @

LiTaO,
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TABLE 9.6
Characteristics of Piezoelectric Ceramics (Adopted from [431])
dy.
1 x 10~ "2[CIN] .
Material ~dy, dyy  dys P k, Ow  [°C]
BaTiO, 45- 100- 260 1400 0.2- 100- 120
78 190 0.36 300
BaTiO, + ~ 5% CaTiO, 43 77 240 1200 025 =300 105
BaTiO, + 8% CaTiO, and 12% PbTIO, 27 77 112 450 0.25 2350 160
Pb(Zro g2 Tio «7)05 + (0.5-3)% La,0, or 8i,0,, 119 282 380 1400 0.47 70 290
or Ta,0;, or Nb,O,
Acceptors to Pb(Zro,,ngo.., ,, K* replacing Pb%* 100 200 — 1050 0.43- =200 280
or Fe*, Sc3*, Co>*, In®* replacing Ti** 0.45
{Pby ¢Ba, JND,0, 40 1000 —  1600- 0.20- 150- 265
67 167 1800 0.28 300 330
(Ko sNag 5)NBO, 49 160 - 420 045 240 420

To be more specific, we will consider a right paralleiepiped (Fig. 9.41) cut from
the crystal. This element’s faces are parallel to crystal planes XY, XZ, and YZ. The
metallizations are on two faces perpendicular to the X-axis. Under force F, [N}
parallel to the X-axis and causing compressing stress g,, the polarization P, (see
expressions 9.102 and 9.104) and charge corresponding to P, on the faces q, [C]
will be

F, )
g, = AP, = Ayady, = A, fd“ = Fd, =231 x 1072F,  (9.110)
1

where 4, = area of the face perpendicular to X-axis, m?.
If the element is deformed by force F, along the Y-axis, the charge will be
different:

F, cb b
@ = A\P) = Ayoyd;; = A, ;tdu 3 F,v;;'dxz = —-F.d,, ;

= -231 x 10"2F,§ ©.111)
where A, = area at the face parallel to X-axis, m?%
g, = stress normal to plane XZ, N/m?; and
a, b, and ¢ = parallelepiped’s dimensions, m.

The relation d;; = —d|, follows from matrix 9.106. Note that (1) the polarity
of output signals is different for these two cases; (2) the magnitude of the signal for
Fis independent of the elements’ dimensions; (3) the output for F, can be increased
by the increase in ratio b/a; and (4) force F, acting along the Z-axis will not produce
charges since d,; = 0 for quartz.

If the element is bent as a cantilever by force F, and shear stress o, is induced,

P, = d, 0, ©.112)

If the element experiences a uniform compression, the following expansion
obtained from matrix 9.104 is used:

Py = dyo, + dy0s + dyyos. ©.113)

I
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Since d,; = 0, Py is reduced to
Py = dyo + dyy0, = d,\(0y ~ 0)). 9.114)

For cuts having faces not conforming to the major planes, the calculations
should be provided using principles of tensor aigebra (see Appendix 2; Chapter 7,
Mechanical Characteristics of Semiconductors).

The dynamic behavior of the element as a force-to-voltage converter shouid be
analyzed from two points of view: electrical and mechanical. When a force (e.g.,
along X-axis in Fig. 9.41) is applied to the clement, its deformation and emergence
of charges are not instantaneous. Because of the inertia of moving parts, friction in
the structure, and elastic properties of the material, the deformation is a time-
dependent process. After the charges are formed, the current of electrons flows into
the signal conditioning circuit. This current is also a function of time since the
element is capacitive by nature and the circuit coupled with the element usually
contains resistors and capacitors.

We will analyze the dynamic responses of the system using the example of
Figure 9.41 as a model. Assuming that the deformation is lincar, the balance
of forces is introduced by a second-order differential equation:

d*(Aad) d(Aa)
iy e 03P & B(aa) = F, (9.115)
or, in operator notation,
(mD* + 9D + B)3a = F, (9.116)

where D = operator;
m = effective mass of deforming structure, kg;
friction coefficient, N - s/m;

I

1’ =

B = spring factor, N/m;
Aa = incremental deformation in the X-direction, m; and
F, = acting force, N.

According to Hooke’s law, the stress developed in the crystal is

Aa

o, =B~ (9.117)

where B, = Young’s modulus of the material along the X-axis, N/m?.

From formula 9.117, the force F, causing deformation is
A
F, = 0,A, = B,A, —af (9.118)
Substituting Az from formula 9.116 into formula 9.118 gives
F, BA 1

Gu(D) = X = ~=L. (9.119)

F, a mD*+ gD+ 8

The ratio F,/F, = G,(D) is a mechanical transfer function giving the
relationship between the mechanical input F, and mechanical output F,. The total
transfer function G(D) should reflect the ratio of the electrical output to the
mechanical input. A convenient electrical output can be voltage U (Fig. 9.43)
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Figure 9.43 Equivalent electrical circuits of piezoelectric slement
converting force into electrical signal.

proportional to the input force F,. We can determine the mechano-electrical transfer
function as G(D) = U/F, and find that

TR
ol

G(D) = G(D)- GAD) = = 9.120)

L]
Jle

An equivalent electrical circuit for calcularing the force-to-voltage transducing
(Fig. 9.43) includes the charge generator, leakage resistance of the crystal R,
element’s capacitance C,, equivalent resistance R,, and capacitance C, of a signal
conditioner input. R, and C; model leakages in cable, some additional capacitors
and resistors connected parallel to the input, and so on. The reduced equivalent
circuit is composed of a current generator producing current i [A], and equivalent
resistance and capacitance in parallel connection:

. dQI de RIR:
= — = —_— R h R, = N
i 7 dy ot (see formula? O0) < =R+ R,
and C.=¢C, =~ C,. 9.121)

The equation for currents is

i=ig+i, = qu + C,DU = d,\DF, = g- + C,DU ©.122)
€ €

where j, ig, and i, = currents in the element, R,, and C,, respectively, A.
From formula 9.122, the electrical transfer function will be

U dy D , dy, Jjor o
= C. T+jor O3
where r = R,C, = time constant of circuit, s.

The magnitude |G,| of G, (D) is frequency-dependent:

d" «r

= —. 124
|Gl o i en 9.124)

where w = angular frequency of F,, rad/s.

If r is high enough, the increase in frequency leads to (wr)* » 1 and
|G,| = d,;/C,. For w = 0, |G,| = 0. It means that the electromechanical “frac-
tion” of the element operates as a differentiating cell (see Chapter 3, Pressure-
sensitive Capacitive Elements; Chapter 4, Variable-reluctance Elements) and it is
suitable for measurements of alternating rather than static forces. Using a charge
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amplifier with high-resistance input having negligible leaks enables quasi-static
measurements. Note that connecting a capacitor parallel to the element (increase in
C,) gives an increase in 7 leading to a smaller attenuation of low frequency signals.
At the same time, the generai level of |G| is decreased since C.isinthe denominator
of formula 9.124.

Making substitutions of G, (D) and G,
into equation 9.120, we will find that

(D) from equations 9.119 and 9.123

_ d||A|B| . D 1 (9.125)

f _d||A|B| Jwt
Glo) = L T e — 126

l dllAlBl wT (9 127)
T aCm N} - - hatr)? + Wk + wir — w'1)? )

where wo = B/mand h = 9/m. (9.128)
At the resonance frequency Wo, the output has a sharp increase (Fig. 9.44). For

many applications, the plateau in the characteristic |G| = f(w) between frequencies
w, and w, is the most convenient operational range, since the conversion is uniform
for the signals of different frequencies. If the element is a part of a microphone, an
acoustic correction of its frequency characteristic can be performed as described in
Chapter 5, Acoustical Elements.

The operation of the piezoelements at resonance has a specific interest and is
considered in Chapter 4, Resonant Eiements; and Chapter 9, Electromechanical
Microsensors.

The reverse piezoelectric effect has various applications especially at the
resonance mode when the oscillations are extremely intensive.

It follows from equation 9.96, that the strains along the X- and Y-axis, Aa/a
and Ab/b, respectively, can be expressed as functions of the field strength E,, along

the X-axis:

icl

0 w, w, W, w

Figure 9.44 Amplitude-frequency characteristics of
piezoelectric element. 1 = response of mechanical structure,
2 = response of electrical circuit, 3 = combination of
characteristics 1 and 2 (transfer characteristic of element as
function of frequency of input force).
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Aa Ab
7 = d“E“ 7 = —dllEl' (9.129‘1

The voltage U, [V] applied across the electrodes is

U, = E, - a; therefore,

b
Aa=d,U, and 8b= -dy= U ©.130

In order to enhance the level of electrical or mechanical outputs, the elements
are stacked in columns (Scheme 27) or form a flexible bimorph structure. Multilaye:
constructions made of thin or thick films are also applicable. The shapes of element:
vary. They can be disks, squares, solid and hollow cylinders, hemispheres, rings, anc
so forth. Depending on the orientation of the electrodes and polarization, thy
direction of electrical or mechanical action can be longitudinal, tangeatial, radial
torsional, etc. The characters of static or vibratory deformations can be tension
compression, flexing, twisting, or a combination of these.

Temperature characteristics of piezoelectric elements are quite complicated anc
greatly depend on composition, treatment of material, and features of design. Al
the major characteristics of the materials are temperature-dependent. But there is :
common observation that these characteristics follow the nature of the dielectri.
constant-temperature characteristic. The experimental evaluation of temperatur
responses for concrete conditions and materials is the most practical approach. Som
compositions based on Pb and Zr are extremely stable. Compounds with BaTiC
show variations in characteristics defined by the additions. Rocheile salt i
temperature-unstable. Coating the elements by films for protection against moistur
is always desirable and often necessary. The condensation of moisture on surface
and its penetration in pores change the insulation of parts and quality of material:
By nature, a piezoelectric element has a high-resistance and capacitive output. Th
random charges induced due to the friction of insulators, (e.g., in cabies or due t
the changes in their capacitance) can deteriorate measurements. There are speciall
designed cables for operation with the elements. However, the integration of tk
element with a signal conditioner and elimination of the cable is desirable.
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Features

¢ Compatible with MCS-51™ Products

® 4 Kbytes of in-System Reprogrammable Flash Memory
Endurance: 1,000 Write/Erase Cycles
Data.Retention: 10 Years

Fully Static Operation: 0 Hz to 24 MHz

Three-Leve! Program Memory Lock

128 x 8-Bit internal RAM

32 Programmatie VO Lines

Two 16-Bit Timer/Counters

Five Interrupt Sources

Programmable Serlal Channel

Low Power idle and Power Down Modes

Description

The ATBICS| is a low-power, high-performance CMOS 8-bit microcomputer with 4 Kbytes
of Flash Programmable and Erasable Read Only Memory (PEROM). The device is manufac-
tured using Atmel's high density nonvolatile memory technology and is compatible with the
industry standard MCS-51™ instruction set and pinout. The en-chip Flash allows the program
memory to be reprogrammed in-system or by a conventional nonvolatile memory program-
mer. By combining a versatile 8-bit CPU with Flash on & monolithic chip, the Atmel
ATBICS1 is a powerful microcomputer which provides a highly flexible and cost effective
solution to many embedded control applications.

The AT89CS! provides the following standard features: 4 Kbytes of Flash, 128 bytes of
RAM, 32 I/O lines, two 16-bit timer/counters, a five source two-level interrupt architecture, a
full duplex serial port, on-chip oscillator and clock circuitry. In addition, the AT89CS1 is

continued
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Description (Continued)

designed with static logic for operation down 1o zero (requency
and supports two software s¢lectable power saving modes. The
Idle Mode stops the CPU while allowing the RAM, timer/count-
ers, serial port and interrupt system to continue functioning. The
Power Down Modc saves the RAM contents but freezes the os-
cillator disabling all other chip functions until the next hardware
reset.

Pin Description

Vee

Supply voltage.
GND

Ground.

Port0

Port O is an 8-bit open drain bidirectional /O port. As an output
port each pin can sink eight TTL inputs. When 1s are written to
port 0 pins, the pins can be used as high-impedance inputs.
Port 0 may also be configured to be the multiplexed tow-order
address/data bus during accesses 10 external program and data
memory. In this mode PO has internal pulups.

Port 0 also receives the code bytes during Flash programming,
and outputs the code bytes during program verification. Exter-
nal pullups are required during program verification.

Port 1

Port 1 is an 8-bit bidirectional /O port with internal pullups. The
Port 1 output buffers can sink/source four TTL inputs. When s
are written t0 Port | pins they are pulled high by the internal
pullups and can be used as inputs. As inputs, Port | pins that are
externally being pulled low will source current (I1L) because of
the internal pullups.

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

Port2

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

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

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

Port3

Port 3 is an 8-bit bidirectional /O port with internal pullups. The
Port 3 output buffers can sink/source four TTL inputs. When Is

are written (o Port 3 pins they are pulled high by the internal
pullups and can be used as inputs. As inputs, Port 3 pins that arc
externally being pulled low will source current (Itr.) because of
the pullups.

Port 3 also serves the functions of various special features of the
ATB9CS51 as listed below:

Port Pin | Alternate Functions

P3.0 RXD (serial input port)

P3.1 TXD (serial output port)

P3.2 INTO (extenat interrupt 0)

P3.3 INTT (extenal interrupt 1)

P3.4 TO (timer 0 extenal input)

P3.5 T1 (timer 1 external input)

P3.6 WH (extenat data memory write strobe)
P3.7 RD (extemal data memory read strobe)

Port 3 also receives some control signals for Flash programming
and programming verification.

RST

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

ALE/PROG

Address Laich Enable output pulse for latching the low byte of
the address during accesses to external memory. This pin is also
the program pulse input (PROG) during Flash programming.

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

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

PSEN

Program Store Enable is the read strobe to external program
memory.

When the ATBICSI is executing code from external program
memory, PSEN is activated twice each machine cycle, except
that two PSEN activations are skipped during each access to ex-
ternal data memory.

EANVpe

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

EA should be strapped 10 Vec for internal program exccutions.
This pin also receives the 12-volt programming enable voltage
{Vrp) during Flash programming, for parts that requirc 12-volt
Vee.

continued
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Pin Description (Continued)

XTAL1
Input to the inverting oscillator amplifier and input to the inter-
nal clock operating circuit.

XTAL2
Output.from the inverting oscillator amplifier.

Oscillator Characteristics

XTAL] 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 i. 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
XTALY is driven as shown in Figure 2. There are no require-
ments on the duty cycle of the external clock signal, since the
input to the internal clocking circuitry is through a divide-by-
two flip-flop, but minimum and maximum voltage high and low
time specifications must be observed.

idie Mode

In idle modz, 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 special functions
registers remain unchanged during this mode. The idle mode
¢an be terminated by any enabled interrupt or by a hardware
reset. .

It should be noted that when idle is terminated by a hardware
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 climinate the possibility of an unexpected write to
a port pin when Idle is terminated by reset, the instruction fol-
lowing the one that invokes Idle should not be one that writes to
2 port pin or to external memory.

Power Down Mode

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

Figure 1. Oscillator Connections

c2
—3 i XTAL2 15
O
Ci
3% I XTAL1 9
GND ACQ

Notes: C1, C2 = 30 pF 1 10 pF for Crystals
=40 pF £ 10 pF for Ceramic Resonators

Figure 2. External Clock Drive Configuration

NC ————  XTAL2

EXTERNAL
OSCILLATOR ————{ XTAL1

SIGNAL
I
=

Status of External Pins During Idle and Power Down

Mode Program Memory ALE PSEN PORTO PORT1 PORT2 PORT3
idle Internal 1 1 Data Data Data Data
idle Extemal 1 1 Float Data Address Data
Power Down | Intemal 0 0 Data Data Data Data
Power Down | Extemal 0 0 Float Data Data Data

4 AT89C51 e ————
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Prografn Memory Lock Bits

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

When lock bit | is programmed, the logic fevel at the EA pin is
sampled and latched during reset. If the device is powered up

Lock Bit Protection Modes

’

without a reset, the latch initializes to a random value, and holds
that value until reset is activated. It is necessary that the latched
value of EA be in agreement with the cusrent logic level at that
pin in order for the device to function properly.

Program Lock Bits
LB1 LB2 LB3 Protection Type

1 U 1Y) U No program lock features.

MOVC instructions executed from extemal program memory are disabled from
2 P U V] fetching code bytes from intemal memory, EA is sampled and latched on reset, and
further programming of the Flash is disabled,

3 P P U | Same as mode 2, also verify is disabled.

4 P. P P Same as mode 3, aiso external execution is disabled.

Programming the Flash

The AT89CS1 is normally shipped with the gn-chip Flash mem-
ory array in the erased state (that is, contents = FFH) and ready
to be programmed. The programming interface accepts either a
high-voltage (12-volt) or a low-voltage (Vcc) program enable
signal. The low voltage programming mode provides a conve-
nient way to program the AT89CS!1 inside the user’s system,
while the high-voltage programming mode is compatible with
conventional third party Flash or EPROM programmers.

The AT89CS1 is shipped with either the high-voltage or low-
voltage programming mode enabled. The respective top-side
marking and device signature codes are listed in the following
table.

Vep=12V Vep=5V
AT89CS1 ATB9CS51
Top-Side Mark XXXX XXXX-5
Yyww yyww
(030H)=1EH {030H)=1EH
Signature (031H)=51H (031H)=51H
{032H)=FFH (032H)=05H

The AT89CS1 code memory array is programmed byte-by-byte
in cither programming mode. To program any non-blank byte in
the on-chip Flash Memory, the entire memory must be erased
using the Chip Erase Mode.

Programming Algorithm: Beforc programming the
AT89CS51, the address, data and control signals should be set up
according to the Flash programming mode table and Figures 3
and 4. To program the AT89CS1, take the following steps.

1. Input the desired memory location on the address lines.

2. Input the appropriate data byte on the data lines.

3. Activate the correct combination of control signals.

4. Raise EA/Vpp 10 12 V for the high-voltage programming
mode.
5. Pulse ALE/PROG once to program a byte in the Flash
amray or the lock bits. The byte-write cycle is self-timed and
typically takes no more than 1.5 ms. Repeat steps 1
through 5, changing the address and data for the entire array
or until the end of the object file is reached.
Data Polling: The AT89CS! 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 complement of the writ-
ten datum on PO.7. Once the write cycle has been completed,
true data are valid on all outputs, and the next cycle may begin.
Data Polting may begin any time after a write cycle has becn
initiated.
Ready/Busy: The progrcss of byte ptognmming can also be
monitored by the RDY/BSY output signal. P3.4 is pulled low
after ALE goes high during programming to indicate BUSY.
P3.4 s pulled high again when programming is done to indicate
READY.
Program Verify: If lock bits LB1 and LB2 have not been pro-
grammed, the programmed code data can be read back via the
address and data lines for verification. The lock bits tannot be
verified directly. Verification of the lock bits is achieved by
observing that their features are enabled.
Chip Erase: The entire Flash array is erased electrically by
using the proper combination of control sxgnals and by holding
ALE/PROG low for 10 ms. The code array i$ written with all
“1"s. The chip erase operation must be executed before the code
memory can be re-programmed.
Reading the Signature Bytes: The signature bytes are read by
the same procedure as a normal verification of locations 030H,

ATMEL o
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031H, and 032H, except that P3.6 and P3.7 must be pulled to a

logic low. The values returncd are as follows.

(030H) = 1EH indicates manufactured by Atmel

(031H) = 51H indicates 89C5!
(032H) = FFH indicates [2 V programming
(032H) = O5H indicates § V programming

Flash Programming Modes

Programming Interface

Evesy code byte in the Flash array can be written and the entire
array can be erased by using the appropriate combination of
control signals. The write operation cycle is self-timed and once
initiated, will automatically time itself 10 completion.

All major programming vendors offer worldwide support for
the Atmel microcontroller serics. Please contact your focal pro-
gramming vendor for the appropriate software revision,

ALE/ e
Mode RST PSEN PROG Vep P26 P2.7 P36 P37
Write Code Data H L o oHavY L H H H
Read Code Data H L . H H L L H H
Write Lock Bit - 1 H L s H/12v H H H H
Bit-2 H L s H/12v H H L L
Bit-3 H L s H12v H L H L
2
Chip Erase H L P ooy H L L L
Read Signature Byte H L H H L L L L
Notes: 1. The signatuce byte at location 032H designates whether 2. Chip Erase requircs a 10 ms PROG pulse.
Vep =12V or Vep = 5 V should be used to enable pro-
gramming.
Figure 3. Programming the Flash Figure 4. Verifying the Flash
+5V +5V
AT89C51 T AT89CS51 T
aoon. A0AT oy Vee aboR, A%-AT o Vee M DAT
OOOOH/OFFFH F ATA
P20-P23 PO je— oM QAR P20-P23 PO |- (USE 10K
A8 -ATL DATA A8 - Al PULLUPS
— ] P26 —»| P26 )
SEE FLASH ——» P2.7 ALE |[«—— PROG SEE FLASH ——» P2.7 ALE
PROGRAMMING PROGRAMMING
MODES TABLE —¥| P3.6 MODES TABLE —*] P3.6 v
———»} P37 —» P37 "
T XTAL 2 EA Je—— VNVe o XTAL2 [5)
424 MH2| L 424 MHz|_ j[
o XTALT  RST [— v, ® XTAL 1 RST le—— v,
GND PSEN f GND PSEN |
«E, L ! L
. 6 AT89C51
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Flash Programming and Verification Characteristics

Ta=21'C1027°C, Ve = 5.0 £ 10%

Symbol Parameter Min Max Units
vepl! Programming Enable Voltage 15 12.5 v
iep'" Programming Enable Current 1.0 mA
1Acic Oscillator Frequency 4 24 MHz
tAVGL Address Setup to PROG Low 48toLcL

tGHAX Address Hold Atter PROG 48tcLcL

tovaL Data Setup to PROG Low 48tcLcL

1GHDX Data Hold After PROG 48ictcL

tEHSH P2.7 (ENABLE) High to Vpp 481CLCL

tSHGL Vep Setup to PROG Low 10 us
taust") | Vep Hold After FROG 10 ps
1GLGH PROG Width 1 110 us
tavav Address to Data Valid 48tCLCL

teLQv ENABLE Low to Data Valid 48tcLoL

teHQv Data Float After ENABLE 0 48tcic

tGHBL PROG High to BUSY Low 1.0 ps
twe Byte Write Cycle Time 2.0 ms

Note: 1. Only used in 12-volt programming mode.

ATmEL
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Flash Programming and Verification Waveforms - High Voltage Mode

P1.0-P17
P2.0-P2.3

PORT O

ALE/PROG

EANpe
P2.7
(ENABLE)

P34 __
(ROY/BSY)

PROGRAMMING VERIFICATION
B i
- tavov
N
-—————t_‘ vaATA IN 4 DATAOUT p—mr——r
GL ‘GH’)X ¢ "4
tavr > ¥ tanax
N 1
tewat [+—taLGH—]
- A4 N ______ 1 ___ Ntoaic 1
S N SN Yo <71 (PN A
_’I ‘_‘GHSH. taay Py [*— tenaz
—1 oo
8USY READY
twe

Flash Programming and Verification Waveforms - Low Voltage Mode

P1.0-P1.7
P2.0-P2.3

PORT O

PROGRAMMING

ADDRESS

ALE/PROG

EANpp
P2.7
(ENABLE)

P34 __
(RDY/BSY)

VERIFICATION
) ( ADDRESS
[ tavav

———-—-‘.t_‘ DATA IN h__:ll DATAQUT p—mm—
tovi teHo:
tavae - 3 torax
— ’
lsoL [e—loLgH—
LOGIC 1
LUl i et ) A L MgGicd &S ¥y 1
l tanaL —*]
BUSY READY
twe
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Absolute Maximum Ratings*

. . *NOTICE: Stresses beyond those listed under “Absolute Maxi-
Operating Temperature -55°Cto +125°C mum Ratings" may cause permanent damage to the device.
. . This is a stress rating only and functional operation of the de-
Storage Temperature.........ccsvesevas.. -65°C to +150°C vice at these or any other conditions beyond thase indicated in
Voltage on Any Pin the operational sections of this s?uiﬁcau’o.n is not implied. Ex-
R posure to0 absolute maximum rating conditions for extended
with Respect to Ground. ..........cccev... 1.0Vio+7.0V periods may affoct device reliability.
Maximum Operating Voltage:.........cccecevrneveesaenes 66V
DC Output Current 15.0 mA
D.C. Characteristics
Ta=-40"C 0 85°C, Vcc = 5.0 V £ 20% (unless otherwise noted)
Symbo! Parameter Condition. Min Max Units
ViL input L.ow Voltage (Except EA) 0.5 0.2 Vee-0.1 v
ViLy Input Low Voltage (EA) 0.5 0.2 Vcc-0.3 \'
T Vi Input High Vottage {Except XTAL1, RST) 0.2 Vcc+0.9 Vce+0.5 Vv
Vit input High Voltage {XTAL1, RST) 0.7 Vec Vee+0.5 \
Output Low Vokage("
Vou (Ports 1,2,3) loL=1.6mA 0.45 A"
Output Low Voltage'"
VOL1 (PO“ 0, ALE, m) lOL =3.2mA 0.45 \)
Output High Voltage lon=-60 pA, Vec=5V £ 10% 24 v
Vou " (Ports 1,2,3, ALE, PSEN) low = -25 pA 0.75 Ve v
loH = -10 pA 0.9 Vce v
Output High Voitage foH = -800 pA, Vec =5 V£ 10% 2.4 \
VoH1 (Port 0 in External Bus loH = -300 pA 0.75 Vce v
M9 IoH = -80 pA 0.9 Vee v
Logicai 0 Input Current .
li (Ports 1.2.3) Vin=045V 50 A
Logical 1 to O Transition
L Current (Ports 1,2,3) A 650 KA
input Leakage Current
Iu (Port 0, EA) 0.45 <Vin< Ve +10 HA
RRST Reset Pulidown Resistor 50 300 ‘KQ
Cio Pin Capacitance TestFreqg. = 1 MH2, TA=25°C 10 pF
Power Supply Current Active Mode, 12 MHz ‘ 20 mA
lec Idie Mode, 12 MHz S mA
Power Down Mode® LCd N 100 pA
Vee=3V 40 HA

Notes: 1. Under steady state (non-transient) conditions, Ior must

be externally limited as follows:

Maximum Iov per port pin: 10 mA
Maximum Ior. per 8-bit port:
Port 0: 26 mA
Ports 1,2, 3: 15mA

Maximum total IOL for all output pins: T mA

If IOL exceeds the test condition, VOL may exceed the
related specification. Pins are not guaranteed to sink
current greater than the listed test conditions.

2. Minimum VCC for Power Down is 2 V.

AUMEL




B e ]

-

sy

]

e TE AT re—

P ™ e

s L ]

= e - T agmmCTov—

— - o W

= ew oo

A.C. Characteristics

(Under Operating Conditions; Load Capacitance for Port 0, ALE/PROG, and PSEN = 100 pF; Load Capacitance for all
other outputs = 80 pF)

External Program and Data Memory Characteristics

12 MHz Osciliator 16 to 24 MHz Cscitlator
Symbol Parameter Min Max Min Max Units
1AcLcL | Oscillator Frequency 0 24 MHz
tLHLL ALE Puise Width 127 2icLeL-40 ns
tavie Address Valid to ALE Low 28 tCLCL-13 ns
tLLAX Address Hold After ALE Low 48 tCLCL-20 ne
v | ALE Low to Vakid Instruction In 233 41CLCL-65 ns
feLet ALE Low to PSEN Low 43 tole-13 ns
teee | PSEN Pulse Width 205 3lcicL-20 ns
teLv PSEN Low to Valid Instruction In 145 BtcLeL-45 ns
texix Input Instruction Held After PSEN 0 0 ns
tPxiz Input Instruction Float After PSEN 59 toLcL-10 ns
texav | PSEN to Address Valid 75 tcLeL-8 ns
taviv Address to Valid Instruction In 312 StcLeL-55 ns
tPLAZ PSEN Low to Address Float 10 10 ns
tRLAH RD Puise Width 400 6tcLeL-100 ns
‘twiwH | WR Pulse Width 400 6tcLeL-100 ns
tatov | RD Low to Valid Data In 252 SteLeL-90 ns
tauox | Data Hold After RD 0 0 ns
tripz | Data Float After RD 97 2tccL-28 ns
tLLov ALE Low to Valid Data in 517 8tCLCL-150 ns
tavov Address to Valid Data In 585 StCLCL-165 ns
tLLwL ALE Low to RD or WR Low 200 300 3toct-50 3tolcL+50 ns
tavwL | Address to RD or WR Low 203 4toLel-75 ns
tavwx | Data Valid to WR Transition 23 teLcL-20 ns
tovwd | Data Valid to WR High 433 TtercL-120 ns
twrax | Data Hold After WR 33 tercL-20 s
taaz | RD Low to Address Float 0 0 ns
twhin | D or WR High to ALE High 43 123 tet20  toLci+25 ns
10 AT89C51 masssssssssss———————
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External Program Memory Read Cycle

—— ly ——+ .
ALE N SN
R fopn
e — tup je— v .
PSEN __ N* teuv \
—4 = triaz e
tqu R ‘PXIZ
toxix — P—
PORT 0 > ao-ar INSTRIN $ 5 a0-a7 >
4—‘-— vy ——————
PORT 2 X AB - A15 X A8-AlS

External Data Memory Read Cycle

tuu—
ALE ;1 N m
— twhn

PSEN e . A \

LRH —

1
1—-tu_w|_——hr— y

fe—biax—s N—o
F_t‘m_’ triaz -+l

= 9=
taov e taoz
]

trox
PORTO0 _ >KA0-A7 FROM RiOR DPL X} A0 - A7 FROM PCL)<INSTR IN
tavwe
tavov +

PORT 2

Y

K____P20-P270RA8-A15 FROMDPH X AB- A15 FROM PCH

ATMEL
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External Data Memory Cycle

rr—_'tuu-———ﬂ
ALE N -_—
- twH
PSEN _
— L ——sle—twwn —»
WR fe— U ax ~—f \\—/
taviL —+] tovwx — 1— — [ twhox
re— tovwi —

PORT O

tavw
PORT 2 i P2.0 - P2.7 OR A8 - A15 FROM DPH

A0 - A7 FROM Ri OR DPL }4

DATAOUT X A0 - A7 FROM PCL—NSTR IN

X A8-A15 FROM PCH
External Clock Drive Waveforms
tenex
+— tenex toren —™ e— tenct
Ve - 0.5 V.
—/[0.7 Vee
02Vec-0.1V
045V Y W o N
fe—— torex —
teweL
External Clock Drive
Symbol Parameter Min Max Units
1Actet | Oscillator Frequency 0 24 MHz
‘toweL Clock Period 41.6 ns
tcHex High Time 15 ns
toLex Low Time 15 ns
fcLcH Rise Time 20 ns
tCHCL Fall Time 20 ns

12
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Serial Port Timing: Shift Register Mode Test Conditions
(Vce = 5.0 V £20%; Load Capacitance = 80 pF)

12 MHz Osc Variable Osciliator
Symbol Parameter : Min Max Min Max Units
txLXL Serial Port Clock Cycle Time 1.0 12tcLeL Hus
tovxH Output Data Setup to Clock Rising Edge 700 10tcLcL-133 ns
txHQX Output Data Hold After Clock Rising Edge .| 50 2lcLel-33 ns
tXHDX input Data Hold After Clock Rising Edge 0 0 ns
tXHOV Clock Rising Edge to Input Data Valid 700 10tCLCL-133 | ns
Shift Register Mode Timing Waveforms
INSTRUCTION | 0 i 1 i 2 | 3 | % 1 5 | 6 7 | 8 |
ae LT N e o neno s
l'—'{ bax,

M L S S o Sy N T S e T T

WRITE TO SBUF N0 [ XTI X2 XT3 X7 X5 X 6 X 77
RV 4 - — ety -

INPUT DATA SETRI T

AC Testing Input/Output Waveforms'’  Float Waveforms*"

Vee 05V

0.2V o+ 09V Vo o1v |

TEST POINTS
02V.-01V

Timing Reference
Points

045V \") OL‘O" v

Note: 1. AC Inputs during testing are driven at Vo - 0.5 V fora Note: 1. For timing purposes. a port pin is no longer floating when

logic 1 and 0.45 V for a logic 0. Timing measure- 2 100 mV change from load voltage occurs. A port
ments are made at Viy min. for a logic 1 and Vi max. pin begins (o float when 2 100 mV change from the
for a logic 0. < loaded Vou/¥ oy level occurs.

ATMEL 13
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g Ordéring Information
H Speed Power .
i (MHz) Supply Ordering Code Package _ Operation Range
i
: 12 SV£20% ATB9C51-12AC 44A Commercial
| AT89C51-12JC 44y (0°C to 70°C)
AT89C51-12PC 40P6
. AT89C51-12QC 44Q
‘ AT89C51-12A1 44A Industrial
t ATB9CS51-12J1 44) (-40°C to 85°C)
ATB89C51-12P! 40P6
ATBICS1-12Ql 44Q
AT89C51-12AA 44A Automotive
E AT89C51-12JA 44y (-40°C to 125°C)
AT8ICS51-12PA 40P6
. ATB9C51-12QA 44Q
E SV10% AT89CS51-12DM 40D6 Military
ATBICS51-12LM a4l (-55°C 10 125°C)
. ATB9CS51-120M/883 4006 Military/883C
AT89CS51-12LM/883 440 Class B, Fully Compliant
(-55°C t0 125°C)
16 5V+20% ATB9C51-16AC 44A Commercial
b AT89C51-16JC 44y (0°C t0 70°C)
i ATB9IC51-16PC 40P6
AT89C51-16QC 44Q
3 AT89C51-16Al 44A industrial
; AT89C51-16J1 44y (-40°C to 85°C)
} ATB9C51-16PI 40P6
’ AT89CS51-16Ql 44Q
: ATB89C51-16AA 44A Automotive
ATBIC51-16JA 44y (-40°C to 125°C)
AT89C51-16PA 40P6
AT89C51-16QA 440
i 20 5V +20% AT89C51-20AC 44 Commercial
AT89C51-20JC 44) (0°C tq 70°C)
AT89C51-20PC 40P6
i AT89C51-20QC 44Q
AT89C51-20Al 44A Industrial
. AT89C51-20J1 449 *  (-40°C to 85°C)
' ATB9CS51-20P! 40P6
E AT89C51-20Q! 44Q
i 24 5V+20% AT89C51-24AC 44A Commercial
AT89C51-24JC 44} (0°C to 70°C)
] AT89C51-24PC 44P6
. AT89C51-24QC 44Q
| ATBIC51-24Al A Industrial
; ATBICS1-24J1 44) (-40°C to 85°C)
1 ATB9CS1-24PI 44Pg
i AT89C51-24Q! 44Q

14
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. ULTRASONIC TRANSCEIVER

'/’—0 10 uP MPUT

¢ PN2222
s10S 2470 uf
> 16v
a1 ]

[

2ag 0455

P9

F'y
15 2 1 w0 ' 10nf /250
¢
[£°31.3%] "wStee
PRI X1
4« s 6 1 &8 9 éﬁ sec 03
! IN40O4
iowr 5 '
"F NC NC
4740 . 01,2
IN40O
V. . P 4 .
e
250 s — -—
um L
*SY PULSE, 1 mA
PART LIST: : N1SHe
L1 15.8 mH adjustable. # CLN-2A900HM TOKO
L6 PRIMARY B8 TURNS #24°*
SECONDARY 110 TURNS #30°
POTCORE RMBP-A630-387 FERROXCUBE
80B8IN RM8 PCB1-4-
CLIPS 991-393-00
X1 POLAROID TRANSDUCER POLAROID
Q1 D45C6  Ig = 5Amin Veao = 40Vmin NSC
(o] 250V, 10 nF MYLAR —_
*it machine wound, sfighlly larger wire slzes may be used.
Toko America, Inc. 1250 Feehanville Drive Polaroid Corp. Commorcial Battery Division

Mount Prospect, IL 60056
Tel. (312) 287-0070

5083 Kings Highway,
Saugorties, NY 12477

Tol. (914) 246-2811
NATIONAL SEMICONDUCTOR CORP.

Ferroxcube

784 Memorial Drive,
Cambridge, MA 02139

Tel. (617) 577-2024

National Semiconductor 2900 Semiconductor Drive
Corp. Santa Clara, CA 95051
Fig. 117-5

Tel. (418) 721-5000

The LM1812 is a complete ultrasonic transceiver on a chip designed for use in a variety of pulse-echo
ranging applications. Thé chip operates by transmitting a burst-of vscillations with a transducer, then using

"the same transducer to listen for a return echo. If an echo of sufficient amplitude is received, the LM1812

detector puts out 2 pulse of approximately the same width as-the original burst. The closer the reflecting
object, the earlier the return echo. Echos could be received immediately after the initial burst was trans-
mitted, except for the fact that the transducer rings. .

When transmitting, the transducer is excited with several hundred volts peak to peak, and it operates
in a loudspeaker mode. Then, when the LM1812 stops transmitting and begins to receive, the transducer
continues to vibrate or ring, even though excitation has stopped. The transducer acts as 2 microphone and

produces an ac signal initially the same amplitude as the transmit pulse. This signal dies away as is gov-
erned by the transducer’s damping factor, but as long as detectable Tinging remains, the LM1812’s detec-

tor will be held on, masking any returt echos.
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SONAR TRANSDUCER/SWITCH

! 5V -
o1 0o 1f) o TP
" WA -
.« }—4 —_— [o]]
Ay "7: U1 —} MTPSN35
107 = oz [
10 uf !! - —-
35y N47so]
- N '73 ) TRANSDUCERS
IN247 7 A 21 - 500
. 02
R3 AN
50T 507 310k : MTPSNIS
5V - o=y .
0o . I CONTROL
SHIP WW T S
! -ov
. -
150 v S0k
PP »
50 KH2z ﬂ;‘:) "
D3 . + TRANSDUCER$
22 - 5041
. . T2 = m ——\
: I c2 L%/
107 104F 04K |y | 03
I BV Nl 2 3 MTPSN35
IN247 1 an2g
*SHOWA 2102
FERRITE E” CORE " 6?;’;",‘8&
Copyright of Motorola, Inc. Used by permission. Fig. 117-6

This submersible sonar positioning apparatus generally consists of dual-opposed ultrasonic transduc-
ers, alternately excited, with return signals processed and displayed for observation and measurement.
Typical transmitter frequencies range from 50 to 200 kHz and pulse widths can be varied from 0.3 to 5 ms,
depending on depth and resolution requirements.

The input to the transducer/switch is transformer T1 which provides isolation and 1mpedance match-
ing. The turn ratio of the secondary windings depends on the peak-to-peak amplitude of the transmitter
output into the specified load. The transmitted pulse that appears on the secondary winding charges
capacitors C1 and C2 through bridge rectifiers D1 and D3. Zener diodes D2 and D4 limit the TMOS gate
bias to 12 V; R1 and R2 limit the discharge current from C1 and C2.

The square-wave control input is applied to opto-isolators Ul and U2 through resistors R3 and R4. If
the control input is 0 V, Ul is activated; when it changes to +5V, U2 is activated. When U1 is activated, it
saturates and reduces the gate bias to zero, turning Q1 and Q2 off. Q3 and Q4 remain on, effectively
shunting transducer Z2. When U2 is activated, it saturates and reduces the bias to zero, turning Q3 and
Q4 off. Q1 and Q2 remain on, effectively shunting transducer Z1. .
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120-kHz 500-W INDUCTION HEATER

Vg 115 220 RECT

J12v (DIRECT LINE)
5 INDUCTION LOOP
o1 220 L1 L 4uM
5 10 MIE200 A R 02,4
C1 u1 R3¢ ¢z cs
1000 oF T ML 1002 100 pF o1
6 MC34060P ¢ i 02 i Q3
' it MJEZO‘}T R MIMISNGS
7 8f——p—¢ ’ A7 §
3 c3 208
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Variable width pulses with fast rise times are provided by U1, and MC34060 operating at 120 kHz, the
optimum frequency for heating aluminum alloy containers. The pulse width is modulated by sensing the
temperature of the target with a thermistor, using its negative temperature coefficient to change pulse
duration. The MC34060 produces output pulses that are ac-coupled to push-pull MJE200 transistors Q1
and Q2. This IC provides the current needed to ensure fast switching for MTM15N45 TMOS power FET

Q3. .

The estimated efficiency is 80%, based on switching losses and an Ron of 0.4 @ (max). The
MTM15N45, with maximum ratings of 15 A and 450 V, was chosen because the induction heater might be
operated from either 115 or 220 V sources. A modest heatsink is required because 100 W is dissipated in
the power FE'gs at a full output power of 500 W.

ULTRASONIC TRANSCEIVER
12V R1 é
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TRANSDUCER SE05840T v ca =
. 3
ELECTRONICDESIGN  Fig. 117-8 o
This ultrasonic transmit/receive circuit oper- P TRy
ates at 40 kHz. Control resistor R5 adjusts the fre- TansIces T "
A‘vv

quency for best performance with the transducers  -gee ven-
TCAVAILAS S FRON wa, L ELECTROMCS,
used. AVONDLE 32 LEV"ON. LONDON 17 8JG
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POPULAR ELECTRONICS/HANDS-ON ELECTRONICS Fig. 117-9

The piezo speaker, MIC1, picks up the incoming ultrasonic signal and feeds it to the base of Q1. The
two-transistor booster amplifier, Q1 and Q2, raises the signal to a level that is sufficient to drive one input
of this most unusual mixer circuit.

Integrated circuit U2, a quad bilateral switch, functlons as an(Extremay Clean balanced -mixer circuit |
for the superheterodyne receiver. Integrated circuit Ula, 1/2 of a dual op amp, is conne_c'fEa' in a variable-
frequency square-wave oscillator circuit. Resistors R3, R6, and capacitor C4 determine the frequency and
tuning range of the oscillator.

The oscillator’s square-wave output is fed along two paths. In one path, the output of Ula is input to
pins 12 and 13 of U2. In the other path, the signal is fed to the base of Q3, which is configured as an
inverter. The inverter outputs a signal that is 180° out-of-phase with the input signal. The inverted output
of Q3 is then fed to U2 at pins 5 and 6. There, the two input signals, the ultrasonic input from MICl.and

he oscillator output, are mixed. The mixing of the ultrasonic input and the square-wave signal produces an
audible product that'is fed to the input of a differential amplifier, Ulb, the second half of the dual op amp,
which has a voltage gain of two. The output of Ulb at pin 7 is filtered by R19 and C9 to remove the high-
frequency content of the mixed signal.

Only the difference frequency is important; the sum frequency, the incoming ultrasonic signal added to
the oscillator frequency, is too high for the human ear to hear. The sum frequency is removed by R19 and
C9 to produce a clean output signal to feed power-amplifier U3. Resistor R21 functions as the circuit’s

volume control.
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connected same as TO1.
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ecting wires that are potentially close to

one another or on wire jump bridges. Use
leads

TAB BOOKS

Fig. 117-10

IC2 forms a stable oscillator whose frequency and pulse width is determined by the values of R4, RS,
R6, and C4. R4 is made adjustable for precise frequency setting. The output of IC2 is pin 3, which is
capacitively coupled to the base of Q1. L1 acts as a high-impedance choke to the signal, while allowing the
collector of Q1 to be dc-biased. Q1 amplifies the positive pulses from IC2 and step drives the series reso-
nant combination of L2 and TD1. Resistor R10 serves to broaden the response of this resonant circuit. L2
and the inherent capacity of the transducer, TD1, forms a resonant circuit at around 23 kHz. It is usually
found that most rodents are bothered when the signal is pulsed with the off exceeding the on time. This
timing is accomplished via timer IC1 and timer inverter Q2. IC1 is free running and its periods are deter-
mined by R1, R2, and C2 to be ‘approximately two seconds off and two seconds on. The periods are
inverted via Q2 and used to gate pin 4 of IC2, the frequency oscillator, turning it on for two seconds and off

for three seconds. The power supply is a conventional voltage doubler with a zener regulator for the oscil-
lator voltages.
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ULTRASONIC PEST CONTROLLER

o

ELECTRONICS TODAY INTERNATIONAL Fig. 117-11
This circuit consists of two basic parts: an oscillator tuned to 40 kHz, and a voltage doubler with pulse

generator. The pulses are about 10 ms long and occur 2 -3 per s to reduce battery drain and increase the

annoyance factor for a cat, dog, hedgehog, etc. The voltage doubling action increases the available output

power for any given battery voltage.
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Decimal Fraction

0

1116 =24 (LSB)
2/16=1/8

3716 =1/8+1/16
4#16=1/4
S/It6=1/4+1/16
6/16=1/4+1/8
216=1/4+1/8+1/16
8/16 = 1/2(MSB)
916 = 1/12+ 1116
10716 = 172 + 1/8
11/16= 172+ 18+ 1/16
1216= 12+ 114
1316 =172+ 1i4 + 1116
1416=172+ 14+ 1/8

15/16=1/2+ 14 + 1/8 + 1/16

Code

Binarr MSB Bit2

Bit3

Fractioa (x1/2) (x1/4) (x 1/8) (x 1/16) Intcger

0.0000
0.0001
0.0010
0.0011
0.0100
0.0101
0.0110
0.011)
0.1000
0.1001
0.1010
0.101]
0.1100
0.1101
0.1110
0.111

-t e et s e - = OO OCOO0OOC

—— et e DO OO = OO O

0 0
0 1
1 0
1 |
0 0
0 1
1 0
1 1
0 0
0 1
1 0
1 1
0 0
0 l
1 0
1 1

Table 7.1 integerand fractiona! binary codes.
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1001
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