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Abstract

A conversion of Delta - Sigma has been studied for using in audio signal digitization .
An MC3418 , Continuous Variable Slope Delta Modulator/Demodulator (CVSD) , with a 16kHz
sampling rate was used as an A/D and D/A converters for the conversion of audio signal . A
microcontroller board , 89C51 , connecting the MC3418 and an audio signal interfacing circuit
has been built for recording and reproducing the digital pulse train from the MC3418 . A
program written in assembly language was used to control the converter and recording of
audio signal . The intended application of the delta - sigma coding would be used for digital

voice mailing transmitted and received through an e-mail on the Internet
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aluwEuusTm (Natural binary code) v ¥ /svav a,,8,,a, NNANMIUEA

PNeaIUDNIAYeRIFYg I m Wksvalaamss Aa
rnzal.2"'1+a2.2"'2+...+an.2O

saluiuLng (Gray Code) Tumadhsirensfiowaduitsmanedasiusiuig
Lﬁma]33‘4'1‘371%\1umnshoﬁmﬁmshuwmLﬁumh&u

e lunnnssses (Symmetrical binary code) et ﬁmﬁnaz%'hﬁtynunmwﬂu
wmvidaau nfi 2 utalingavheasudnsendysaiaedygnm winhindadedwiatamenas
mnﬁonmwaoszoﬁ’umau‘lmﬂﬂ5aszﬁu§oqw‘%m’hfj@ SoumadhaveuuiiRamsnsasiing Husag
Soyanasfiadluquasluliens

e ldnansnudainadu \hh'w'l,ﬂunmﬁwﬁml,ﬁus[mﬁmu u‘i'aﬁwalml,ﬁﬂmsﬁmwm@
Hlarnueedludesdynnond o waﬂmtym Analog gnasundusnmaife sy S/N emmaoauua
Y umLmnmnuLﬂuamomn Slotmitiawanedisumiseoiu

ot ANNANTUT IR TIMIRAWAA (error rate) Uay S/N asuanehafudie lesaai
YBIFYN MUY uarlaeiiluds mafianmanesmisasiviothmafiesuasnaiiioanenan
fouatdasiinnniinafifieani error

Tumadhsireafiumadhsisuuussiauuungt Wienuussnashidamautini i
madhasas fithmmenin dyqnad eiden dfyqnos PCM (Pulse Code Modulation) 1o
seusdiarazgnimialasdmuinsascsvsemasaceiduld 7 in axldehdiae 128
seuTiudas sy 2 Wa n Assmaudn

> yngufinededygnns bivmuhmnimsdediygno PCM MmusuFyURnUie

msé‘mLﬁaumaeﬁmtym‘lﬁﬁmmnﬁtymmmmu,mmmnﬁa@1 (Interference) S¥wiNMILaY M3
FRLAUDIAINA (Frequency Response) ‘naamUdo%aﬁmsamwaumnﬁmﬁfué’tytymﬂfnuﬁq\u
uazaavauiptR LA Wasneweasmiionh LLa::o’hLﬁuﬁszagﬁnixa‘maﬂuamﬁmz
Usewnidhidhisasanatien vl PoM ﬂmﬁﬂwgﬂmﬂﬂ usiﬂn;mfﬁé’qntﬁﬂﬂanﬁﬂ%"m
Soyoyios PCM Sulmaifighnsi mmu‘l@‘?ﬂﬂ’éaﬁue'J’ammsnﬁm%uia‘lé’aahognéfaadw Srugnofia
et lorsuihudiuineh 0 via e 1 : '

wingasnseedyain PCM iluszamalnas oo el fasdaafigunaninu
dynnouiSanh Lﬂ‘%'aqmué’mmmuuuﬂ%ﬁa%u‘lmi (Regenerative Repeater) ?'}}w“ﬂ%ﬁqé’mrmm
PCM eyl u.a.,mmsﬁama‘lﬂmlmaasumaaﬂnsmmuﬂtymmanmwua malmﬂw'
2.9 ) awinlah mmmsmmmamwamaaﬂmmmmmu msaa@Lmsnua.,mwmwausﬂm N
WARBLAMBMIATINGTaY A I FatumsdedynnnissuLDigital 4 ifimstanaes
Sygnosunu uavdygnaumsnraadaduimudinlumsdedynaistuy Analog Saiudaniiu

|#¥avasseuy Digital fimitandsan Analog
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v

Fuaramdula Faunanaswiualng

gunTaimINEYYIN

Y

Hupuainayann
Fusnad

i 2.9 msuwasdyyodiea Ududyanmawaan

smsudiaindasiulddynnm Digital PCM fasuaanduluifiudoygnm Analog (g
2.10) Inummsnaamid uarmsnsasdyannuiaSandusawiaaminiun mahaudygnu

Digital ihiiudtyqnou Analog (D/A Conversion)

L L ] ] sedssen
L Lo ted ooy » PCM
faaa 2
l
- - t
vawma
anguuiog
audan

> {

7N 2.10 msuasdygnoiidnealuduwdiyguewasn

menaawifiasiuiumsdhe (it 2.10) Tnadan Sgudesfisnaniaiasiy
doyge PCM asqnﬁwmmﬁdmtmzﬂ%’miﬂuszo’w’umﬁd La"'uLLazﬁnthywmfjudwa:gna%’wo%u1w;i%oaah
ﬂé’aqﬁuszoﬁ’uﬁﬁwmm‘lo’w’mnﬁaagagmﬂmﬁ\lﬁ%uﬁﬁmmm PCM Aignutaadiudraiaaudn fiduaaf
qanﬂ%a%ulﬂﬁﬁé’nuﬁ%oﬁtymmﬁ\lﬁﬁﬁomﬁé’mmwmmmumnmmﬂa\nﬂuﬁ':Lam'zimﬁmﬁumq
dmisds Fyqnos PCM Aisnedulvaiionusy faegnaariluiinsssnsasimennaiion Faxle

Syqnoudes Analog Foiipamanuna

-t
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2.4 mahavisgaaiesathediilssinBnwgs (High-Efficiency Voice Coding)

o a . - [ .
2.4.1 ¥anN15223 High-Efficiency Voice Coding (HEVC)
sruumaihaees PeM lasvh liashlululesshefesanineniumataviceas
Syroudes Sedygrondsdluiuusnasgnuadliigresnasmeiineadisamai 64 kb/s
wardedyguewaengniaeulituitaeativazinmaulasmasticns dadumuil ms
WAy ouiesged! Bandwidth 4 kilz vinawaen bidumaeadolfeadissans 100
o t 4 ﬂ. ° L3 d! ] ]
kb/s S emauladnesdanamanunar iounmassdynosaun e udaehalshionn
Sufhidaanbisanmadaiuiwaiinsimnaunmidasmsile duiu ssuumahoiass PCM
A. ava .'1 p ) [ 3 DA J [ : v
Folihma i ishaasumuastinlfmznaniumemds nesumaiiasinmnaumnees
LY v A [ L [ . . : [ L9 r a [} | 4
Synnadivfiaufums¥aseduuuy Uniform Seiifidunmsnmaviisluanafiaathontion 289
HEVC Sagnhan Miffussuusnengmsna
s .4 =3
2.4.2 ananTifzasdygrasdusnasmanadiuiiv
A’ ¢ ) (YA 1 4 =l A a } 2K ol
mamnqumﬁutmaamLumslumsdquazmmmsmuLammwm‘sm\lmwé‘rgrmmtﬁm:
fidmiAnredundancy) 1eafmnamsnaging msdaviaiudyanondeain Suduldldnli
v G v L 4 [} (1 [ o (Y4 [V Y 1 oA o v
Wudafiudoya Winamathasmysn i wansdeniudasnansoiulfathafiussArinmgesiy
v d‘ a ° } 4 L) LAY A : t ' A
Sunaiiuensduiugnnaly wihasliandeiiniag g 32 kb/s wia 64 kb/s fisansn
Snannmwlumsdsdnalafviiufidedauemnad: 64 kb/s vinifivesfigunmiigand
ANNTI 64 kb/s
8l Smmvannifuseesieiudforaduly s dumemasdedynnamasmisanad bl
o o ﬁ‘ 3 o :’I " v v ° ] dl v
UrAvsmwEeauld faiu metawasienniinmhdadiaslufemawannsuy HEVC Widwsnen
AJ a v o ' = a oA
T Frsandniursadosmypduaenadyonmudeasadaiisyinsmm
Gia‘hjﬁazna'nﬁmmﬁnwmmmﬁmmmﬁmmenw“lc"iﬁul.ﬁm‘naqm}ﬁémaamuﬁmﬂﬁﬂ
[} a ~ o d v v A’ L (9 L4 J
myaadmingasdynnouiess ldwannaiuamnms audnsussingm
N amdnyusoasiygondsg
1) swinAgasdygnouiuifinmesauiatules
2) sesuraedyyinasAouwanianniuiuna
3) dwaasneieslidugivei ussntiens Power saadtsdmlngiazaylu
VInuanuid
4) i Sampling ygnoudsaieyn WiduAiaaatiu Sample stvishdafssaci
ANAMEARIUBEsNN

5)  dyonaudelurnsiisumniueiiownm (pitch)
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1) audnymryasmsladudusmsnsd
d. [ e [ [V a € [ \lll A
1) Wadyonadinninagaduty) meuladmesdavgnnalasdyanoily Sy
emduasoudaachilatunosdiiag
2 losmfneathanifrinldiwdsuandaiuluudazemad udaelibuiarige
a ve a dd a g a va v
TuSnalndfuansd 0.8 kHz daanadneguanmilanniiaziinamsidtuiay
3) i & Wi 110 munaeeadeaiia vie pitch sesdygoudsuasaien
v a Ga [ v (XY v P d\l va :: a v 1 v oA v
Swoadusfagninmiathunidaudy BeonlamumineisnuoIndidoey
Srynouds
meiamsnacamivsssdelasndugusmnmdanuaemslabusnandroduiisn
n) MSIRSTAVUUUBIAWANT (Adaptive Quantizing)
nahlesmanfeumnemasmeulafadiniidulumanssussedunn
) L e 8§ G o+ X 4da o, anX a4 A A \la"" €
athaiu Fhlimneasaifimhimdiodssiidyying Sithomndsimsinsesmanladuosd
athaflszdvEnn warlwnmdemmimunsnaainmensuaislldnatuazas v S/N, 1
5 3 ] v .'3 a X ) [ A A a
udlathale dnbAsidah sy HEVC Weuynetia
9) ﬂ‘l’a‘l.‘l‘l"l’iﬁ'ﬂ‘[ﬂﬂn‘limﬁﬂ:m (Predictive Coding)
Fidumimenzmdygnudumihsimndygndumeneu Toams
Memuadends (comelation)sswistesvhazey Sampling $raiese pitch diaNdyqnneiatn
ARSI TuSgfimeasuls wivinssdeeaniulasnduian sy
Slagerasiynuimenzmlilnamisanhdngemssdyn mbuwn Seansonannn
asler
A) MSULIMNUOUANND (Band Division)
Synodurazgnuisbiithwaauwounnd ussumsdhmfauazmsia
Tinehe) asdmnsienachdtyzanuouaad asgnimualiifudsseiu SssmsonasSimm
nvuale
9)  MSHLNAINIAT (Time Division)
dynnaudurasgnuLaiugeg MNLNUN LasmIvaimmamnnes

Taadtynmluudasdamaniu

2.4.3 ¥1a224952UY HEVC
2.4.3.1 mahsWauuyasuawiniAwinaisudeawdiin (Adaptive Differential Pluse Code
Modulation)

Tuszun peM ﬁna’nmué"sﬁufuﬂxia’mxﬁu’umﬁtytywmtﬁmmn Sampling lates9 usdm¥L

Tussuy ADPCM asdmsstlanlfnasasewineeh Sample 1{i8931n¢1 Sample Feagfindiftatuse
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ficnsugadenteiu. daiudemanundynnns Inpus Adhanreu widesesulaelnashessyring
sygnadienansuavdygruihyiuieaisdseanliuasnashaitentios Sovi vy
maihaicaanld lassehadiseduas ADPCM uaenlisg 2.11

WnWE () NOATIE (AuT)

[« —> |

quantizing quantizing

_X>§ U} Adaptive i | Adaptive reverse % X
X|

Adaptive Adaptive

reverse prediction

Adaptive X AX-X
prediction X

¢

7uf 2.11 Tnwadraessuy ADPCM

NN 211 Puvan e () azafomase X — X7 sariedtygnos
INPUT X uawdtygnasinanss X7 20 INPUT éhniaue) lnernaas Differentiator i a9
arhwadn Y — X anedftyynodiNaseiy mataei idygnodefianmetam S ames
v t < 5 14 o v . 1 s v [ A' L4 -: A’ A
viuatumadniashildmsdaseduumy Uniform wiel#sinmsuelimdwioanadiay
v - + Ad: v dé’
21¢18) Samnple dINau (Adaptive Quantizing) aﬁuawmﬂgqqnmww1ﬁ®ﬂu
Abmadhafeuun ADPCM faslfifies 4 Bit (32 kb/s) Sefinumwlndidiesiusy dold
7 Bit (56 kb/s)

Analog Input + Encoded Difference Sample

——| Low Pass Filter |————p| Differentiator ——— P A/D —
(Summer)

D/A —
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Analog
DPCM input output
+ Sample and Low Pass
—p D/A —p Integrator | ——p —> L
Hold Filter

i

()

JUN 2.12 MWLy Adaptive Delta Modulation

() MIhava (@) MInDATHE

2.4.3.2 msu’hsﬁauunauﬁwﬁw*‘:maﬁwa@.afiu (Adaptive Delta Modulation)
buanusfiendums Sampling qa%u HaghaTENTeeN Sample SuiAeaniouas ssuums
iy ADM azﬁmmgmfx fo Wemaiilums Sample ‘lﬁqﬁ”u WBEMIENIVEUDINATITEY
dygu Wademanlfae 1 Bit mu;n_lﬁ 2.13 -’?}quﬁ@ﬂ«mﬂ%’mmnﬁﬁhﬁﬂ/namﬁmmn ADM
ﬂwnano’haﬂauwmma%(Comparator) 5uﬁmsma§(1ntegrator) D/A Convertor Wag235 Logic 171

- dl = [ [ L 4 ] | 4 '
'il'll.ﬂuU'N’J\J'iﬁ Luaamnu'nm@Lﬂnuﬂmﬁfjnuuﬁawamuuau ‘Nﬂ'lu'ﬁﬂﬁﬂd‘léj[ﬁ ENY

a [ YA
unm Y : T AY Y
———p nmeedid | (B ) dihsiaden 10w —f-
A v
ABNUNY
( vihavd ) \waf
uninsimes
'3 v
Wi PR AM
<——— nimmudAng fuiinsinef -
( naaswd ) : ARNUWWLART
¥

3u 213 lesevasssuy ADM
nisfdhaalasldifies 4 Bit aivuamnatas Step MU Pluse Adhanriau (am)

Nanfa MmN 2.14
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(L

WiMUIaaAn = ot
\ |_-—
- -
;7‘ AATUIAAAT
- ¢t &
\&_{‘/ anmzlataiivaa Vaaaatiias

gﬂ*?i 2.14 winmraanTWasy Step lumsinséures ADM

Sygnod ldvdrnnmnsas Integrator 3¢ Pluse ﬁLﬂﬁuuLLﬂmmmﬁmmm Analog
Input oEalndan wariipwadedygnn-Analog snn endubunadifidynnos Analog Wi
wlasmneathamaiy vianan e AUty IMIGNNe ¥hieesem Delta-Modulation
lisansnaa Pluse Tovudynos Analog TunsdiimGend demsfumssasamaiu (Slope
Overload) msuﬁﬂtym&mmmﬁﬂﬂﬂa MITUTUIA989 Step  UARRIUAITUINYDY Step AITAL
NL%nuﬂaﬁnmﬂ?;uuuﬂawaoﬁzymmﬁm%u%m LAURNTINALDY Step RATREMANLAEN Slope
Overload uﬂaﬁmmmﬂ?ﬁuuuﬂmmn

Block Diagram WLmiageaszuy ADM fianasoy3iming Step MNANBMULYDIFTY LI
uﬂm‘lﬁﬁﬂugﬂﬁ 2.15 WAL Step aztﬂ'a"auuﬂm‘mﬂanmauqu Gain 709 Integrator %9

: A . od ) a X 4 a X
Gain 2wNMENWD Voltage W 0 Uay Gain WwRNIUID Voltage AILANNNINAU

m(t) +
— > - . »
m(t) - LATBITENY Araulagef uas dygnuawaden
> 4
ANULANGN LATEIRNGNDEN

fuiinmef  l¢——— nrasnnaniaaulsls

. S
>

R
WRUAIAN funzninginAtaes - C
MasENy

U 2.15 Block Diagram 3211 ADM

>
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NIIMUAN Gain Usenauemey RC uay a1nanl Square Law maazymm Input Aol 3o
Lﬁaﬂuuﬂaaamamq DM mmu‘lmu Waw Output 989 Modulator aiTu Pluse 170UaYE aUESY
fuanaauim Pluse Mai Integrate lots RC ud1ael Output sonaniadeniu 0 Volis Sulen
i diu Step 789 Accumulator 396nane

_ 1unm‘n7iwﬁm Slope Overload Y9 Output 989 Modulator 3¢iii% 1INUaLaLUaane flau
& Integrator 9% Integrate W Output Voltage panuaslUifin Gain 289 Amplifier ¥ [viie
Step Wi 3o LA Slope Overload WeaiaesEntian d W% Demodulator Mg
ADM azinavsmilau Adaptive Encoder yjnlszms
2.4.3.3 nﬁtiﬁﬁs{uunmaé'waqtaﬁ"u (Delta Modulation-DM)

T'LmJuuuﬂnﬁ Sygnodldan DM a"slﬁa”t’ymwmtﬂmﬂ%uﬁu‘lﬂ (Stair case) Anlszanile
mnﬁ'rytymauww (Input Signal) wsaﬁmmwmwﬁtmum (Base Band) miﬂn 2:16 ANNUANG
F¥WiN Input Lta"ﬁmmwmw\lmmmﬂszmm (Approximate) mnmﬂauutﬂuﬁtytywm 2 7LAUAD
+d WAz —d winfu wanmsmmsﬂ'svmmmﬁmmmuu théftyqos Input Hehgonirdiygnosilean
MU fisumisaansugyAg (Sampling) ﬂwnaunawmstwuﬁryrmmmﬂ‘szmmwan
+d Tumanduiu Mynmenbsnodamnnadygnm mput Mufegnanas -d i o
atymwmtﬂaauuﬂm‘mmmu‘lﬂ Ui lam s (Stair Case Approximate) ¢tfasn
qomammmytym Input {3iifiu +d wWio ~d

hf'{’tyzym Input {4 m(t) uas'}?uﬁu‘lmﬁﬂ'sxumﬂu m,(t) ui wé’nnmﬁaqﬁuﬂm
DM sansnideuifuanmsldd

b,=sgnlm(n.T) - m,(n.T, - T,)]
m,(nT) = m(n.T, - T) + d.b,
Toe T, Wunamamsusa/As uay b, Wwesomnenly

wtr)

Stawcase

— PzrCuimznion
-
R

U 2.16 Syanodiildan DM

dmiuusinzie (sample) madvazdadhuidoa 1 Bit fa b, uavdameaimsderinide

yossviivdannsugafo 1T, dausmeluqi 217

‘

31639
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aatpil
(]

—
p—

Marulalar

UM 2.17 madeoyaszdaiiu 1 fivde 1 fatha (Sample)

iR M Ansdonnnnimiarhiy 2 wh'uaqﬂ'nuf'{qqqmaqﬂ'nuﬁﬁﬂ
doamsuma i

msumAsrasszuy PCM Felimieuamaissnm 0-4 kz Sedocliemailums
upnd 8 kitz Auly Lmﬁlumaﬂﬁﬁﬁa::sl'ﬁ'mmf'iqanfhfytmnLﬁaaﬂmmﬁﬂwmm?‘}fﬂmzuu DM ag
Ramsfiawmevioameinaaufigun aafiommamanlngs (Quantizing Error} &7l 2 aeha
ﬁammﬁ@wmﬂﬁLﬁmmné’ryrywmﬁmm'}:’uslunmﬂﬁ'ammJaoﬂ'mmLﬁu‘lﬂw'%aﬂTaﬂTanaﬂwaﬂﬁﬂ

o (Slope Overload Distortion) LLazﬂ'nuﬁmwmﬂﬁﬁun'hLLméa'maué (Granular Noise) 619
wred gL 2.18

Siops-ovzrioad

3 Granular noese
distortion

nele)

Staircase / ! °
A0 IMALDN Iy
IR ! l ‘

N 2.18 udenMAa Quantizing Error W DM

- - ql/ Py ! dl o H ° Dz “
dladlanasanfare unetuiionnaysssgy (Step) d BmAuluisyh iiuilams
o [ a \1911 . a X 4 .
Ussanod m,(t) MNAYLNUBUNN m(t) LU UaY granular noise WNAULNDIUATDY Step d-
" a [¥3 d [ A’ ' i '
TveyAnly doyoon Input Fufuranandyano m () Step Muasassvsuiidauteny
(310994 Input Granular noise W3tuL DM fifiuwhmanladmesdlusuy PCM daudmsy

dyqnounifienamadu (Slope) Sumil rwneeas Step Bnfasyn iAnaladTanasvandanasou

1u‘umzﬂ°nmmla\1 Step 1.%!]jﬂm'ﬂﬁtﬁﬂ Granular noise
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Hard Transmission Low
m(nTgM, miss! Accumulator
Limiter Bd channel > > Pass >
&
m, (nT,TY - Filter

Accumulator A

4——— Transmitter ———— 4——— Receiver ————»

U 2.19 Block Diagram 84521 DM

SMSLMANM 989 DM WLTysemii - @snsnusiaalu Block Diagram gUfi 2.19 %1 SS
senauemey summer, hard limiter , U8¢ accumulator %38 integrator WU Iﬂ&l@l"lsummerﬂz
LLFSUUL-?lUuwnmmnsimm'iné‘tyrmru’ﬁwvgﬂLLaxLﬁwﬁwv] 1N accumulator MANNUANGNHILHIU

i/l hard limiter azgnamushe d wazavgnaadinlug accumulator FvimhRsedtya o
Ursanaueanms

‘gﬂ‘?l 2.20 m3tfia Slope Overload

aaviuvnd I TaIMsuENR 61 accumulator NSy ETIAEG
(d) mamemazas b, Mdygnausalfsnnnidygnuemsens i +d rgnen BifUS Yy
fndsznos. Mdygashaduiieniaandhenisanm f-d awgnifs @ans d) Wifuaccumulator

loef3Bn13#l accumulator asvnmssadnnuidmimadynodumlasls 1 s luusazadies
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MuaA wwWadhle +d LLastwdwﬁaxﬂﬁsnauLﬂuﬁmtymaﬁmaa adolumesmisy bume
dmdufavaoduiilaoansn Tnviviaduanuacatildsusim accamulator Gefimavhamasu
Feafumasuds dmmanladeiifogu m o ssgninineenluldlessinssnrasemaiidrig
(Low Pass Filter) 41! Bandwidth whnura9stygu s Base band
n) Slope Overloading

fiomngiluszun DM famaifia Slope Overload Wiedtugnns Iput mit) Wismas
Ny uLsEanms m,(t) a8 Step Mudtyqnos Input ‘lﬂmaammmmﬁﬁtunvnmﬁ'zaziwa"mmnvﬁa
Yiaeunihdtya o m (1) %0 Step madtyanos m(r) biviu FavfaduraRenwaefigonh
Overload fTLﬁﬂ%ul,ﬁamnﬂ'nuiwaqﬁn;tym m(t) 13W3n Slop Overload ﬁquﬁmhgﬂﬁ 2.20

wafmemideulydmiutioaiu Slope Overload szt DM \aNy@N Input m(t) whiu
A cos(27;7’,"t) . '

oﬁ'qﬁy’uﬂfzmiugqqmaqﬁngtym fa

[dm(t)/dt] = A2xf,

msnj'ﬁluuuﬂaqmnﬁq@qlw&'mmdm Sample 19ty 04 Input o A.27f, T, wewan

BenmaiAa Slope Overload m3wAeniulamas Sample fidontound d Hude
27f, T .A<d
eI Amplitude ﬁ‘%\'l Slope Overload aufie A
A=(d,)~,)

o f,= 1T, Undamim3 Sampling 28935100 DM Wiinaraseulasmmeasawu
DM azdedfyanoudeslastneainmsiio Slope Overload tiu niarasFyqaLdas lifiund
'nmﬂmn'?iqmaqe‘fmrmm‘luaumsﬁ Foldy £, 800 Hz flymeasmifia Slope Overload
svuu DM asnsoudlaldlaensifaees neasdygnm w‘%aTﬂuﬁthywmtﬁaﬁwﬁﬂé’mﬂqqﬁmaqms
waswamaRamnegeg Step YaNEATINg Sampling A Wigoel¥ Bandwidth anu

Ymﬁﬁ?;ﬁﬂﬁﬂmﬁmﬁ'm Slope Overload Iﬂnmsm'mﬁauﬁau\lﬂmﬂﬁﬂ Overload wasm
W Step Simnaannin Wanrasouldinia Overload Fofhauunfildmnavas Step Linofii} w
ADM
%) Fygnosunan (Noise) sty DM

Output ¢4 Decoder awuAnsonNMadi Input Wasnvnamanledmand n () uay
ﬁmmwmmmuﬁLﬁ@%u‘lumwmmsdq n(t) S

m(t) = myt) + n(t) + nt)

o m(t) = D% output 789 Demodulation ﬁshmqasn'saaﬁtyrmmmmﬁsﬁw'm (LPF)
m,(t) = dudygnos output ds@Wihiy me)

n() uay n(t) idyanasumuil output WasmaRmIaINEL)
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Qmwwwaoﬁmmmﬂu’mmhﬁmu DM gnialumanyay Signal-to-Noise ratio (S/N)

Somsmiimlgan
(s8), = (&ltm, 0} Welfr, 0} J+ Blfn, 007 ]

wﬁmumﬁuﬁﬁﬁmmwmmmuaqﬁmﬁnmmm‘lﬂmma\lﬂu
A manledeusedluszuy DM : .

Y met) = m,(t) + e(t) 3 leq (t} = Im(t)— m, (t] < d Wwanfifie Slope Overload
moulsfounud n () Tuawms  unanas filver url J(0) @ uniform &M e (1) v

Ele, OF = [(/2d)ede
= d'/3
LWL normalized power PNFYNN e A1) mmaamaamtauﬂumommn 0 f,

mf]uawﬂmi Sampling muu power spectral density G, (f) 189 e (1) gnmwusf[mu

Gyl = {dz./ & S <

0 ,n3ivug

WTEh 0 (1) WunanausuamaILdLLIMSRaIGD S e,(t) wimaaeunmsindzes
Soannd n (1) gnimualag

Elp, 0F = [6.,0ndr
=@ 3)(f.1 1)

lumi‘ﬁ%mmmm Signal to Quantizing Noise Power Ratio \3@aa¢hwanuv Signal
Power E[moz(t) dommhe M Lﬂaxﬁmnstﬂﬁtdﬁqmém’fu DM #fdamizag
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wﬁwﬁ‘lumsmé’nujmmné’umLﬁ%umﬁmuﬁué’:yzym Input Fazdhanly
TanAmialy

2 3 - Syllabic Filter Wt Input ﬁ%uﬁmmmmmwsnsaaﬁrymwnmwuamﬁa
Lhmmuqmmmaqé’zyQnmcluu@iax‘h”’wnaaﬁ'mﬁLﬂuﬁuﬁm‘ima‘?

21 4 - Gain Control Input fuen Input ﬁ%’uﬁtynpm Lﬁamueguaumﬂmwmwad
Op-Amp muluénlad

2 5 - Reference Input fhimmiaudunamasmeg Op-Amp e lHifuusesudiss
M8 DC 223nynne Output

6 - Filter Input WuvaudUna a8 Op~Amp~Lﬁa‘l'z?ciaﬁ’mqasmuuan
dwiuahadunsdsuiinsaas

7 - Analog Output (U Output %092993uRNTne ety aees sy
dyanos Output Tunusitladshibamdinssnansite wasudoyno

v v ad G v o
ﬂauﬂam‘mm 2 1uﬂ?mﬂﬂ1d1ulﬂu?d%$L?i1Wﬁ
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Nng- Vv, dunilidmivderuiwdmiilewhganieiiuladid
9 9 - Digital Output U1 Output ﬁ\lﬁumnmwaﬂqmwﬁmmm Analog %4
(3 : A i . ] 1 (7
dynnouit asinisunds (Swing) atisewing Vg, i Vg
i v X dava o da A4 d
N 10~ V/2 Output {umn Output Fignaon via MidauseufifienaFovilivas
s uRu Vg, f9aegmirhifmlunsdisasmeieliideadion
1 11 - Coincidence Output {121 Output NI TWIddAeS (Shift Register)
malugnifiugie.0 v3a 1 vimae gedygadiszgmithilE Tunsrimua
DATMMTYENSFY Y IUYBINRTET TRy s
1 12 - Digital Threshold it Input e denhatlnuniulatsnmla «
11 13 - Digital Data Input e Input ReSudygna Digital Wy Serie :MnMe
won wmsuaadudygnos Analog Wamah 16 kHz
41 14 - Clock Input fum Input FLEyuwAM walimuadvnems
. LY a ‘J d’ [ A’ d‘dl Y e (v
nawmeushled Jeenatzesdygraniimitesduenndnlddmsu
MsuaNUAITYQ M Analog fidaamissiangian
1 15 - Encode/Decode Wimflilumsmugumanamuaslad duflu 1 fiag
yaudusdh s cutiu 0 Mshenidushneamia
dlu [ : U & A‘ a ) 1 2
1 16 - V,, WunisuuneuliGnengigaraslad fwviiehagsonin 475 fia

16.5 Lavh

it auasneemiausdeniulasn SynnamRnmenia dedhiun
port1.1 laslnbilasreulmamaiaadiyqnomnfimsdie timer mode2 auto reload WazaNAILAN
anwvaasledlmuadmiuaznasaiin 15 asgnenuarsnmlagulasreulniaices port1 6
amumndyyaendn 1 q::siaﬁ’maasniaommﬁLﬁ'aﬁuﬁruzmmmmu dwiunadaeandhuay
MNaN(I13UaLNg) Awsafiumtoyaynd RAM DO uasdoyn)Im10ont7 asinaand imeias 44
uiiasnaaTiEILLY Simplex Voice Codec ( Single Pole Companding and Single

Integration )

NN S
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DiglalInput
5.0 D@B' Output -
Push )4 ) Clock 16 kHz
To Talk <
Key {Norm
LOpen)
50
14
1.0k —_ Digital
EnoodelDecode?IS owag Clock 14 V0018
— T e e—— I
Analog - | Comp |
M L+ 1' I
o—j} —o—1- i
4.0 }IF 2
AL, I
| big |
1l |
> > -
: 5SS of Shilt |
B0S 5600 ) X Register ]
VTHI :
I |
| |
Q| veere [ s
il [ ] Ret lout 33k Rp
01 pF =S 1.0k 10k % | Logic
E 3l " 18k
Rel| lsp "3 7 Cs
= Inpu71| + |In 0.33}.55;
o— - P i
Analog| - pres\yﬁgnhmy ?SC 24M R
0"‘; }4 13k Ry
' L__—?in_ T TS
0.1 pfF er Q06
. cy On oot EE
RI 10k J)
: AN = Vs

‘gﬂﬁ 4.4 Simplex Voice Codec (Single Pole Companding and Single Integration .
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CVSD Design Consideration

msaanuummsnmﬁﬁﬁﬂ CVSD a:ﬁmﬁmnmwmﬁmﬁda‘lﬂﬁﬁ 7 %umaumsaammu
YngUiedaes 4.4 dulumunmesnugd
1. Selection of clock rate
Required number of shift register bits
Selection of loop gain
Selection of minimum step size
Design of integration filter transfer function

Design of syllabic filter transfer function

N o o s LN

Design of low pass filter at the receiver
loseasuraslad Ffndyqniinea 19 , 11 13 uay 14
dwiundyanmewden 1 1-7 uay 10
1.Clock Rate
dMi995 44 sansnsedyonosndm s 9.6xHz - 64Ky mmnﬂmtywmmﬂmn
X
ﬂmmﬂwammmsmxﬂmﬂqua"wﬂwﬂnmwwmauﬂmmu uasiieSignal to Noise Ratio #ian
X . a .
2 (S/N performance) umnmaanmmné‘tymmmﬂmmaqmmmuuumwaqmnmﬂums
dimae Wmﬁmm‘lﬂu.uum’m.,‘luﬂqnfn 9600Hz fimmmsaaamﬂm"mm 12kHz lussuy

Wséfwn 4 snemeadhuft 16kHz uaslbndimiialasiud a2z smiusdiestibt rate o8
{4 200Kbit /sec

2. Selection shift register length
Tula% MC3418 afuuny 4-bit shift register uaslodlumenaiieiu Mcaa7ilas
a5ameluuy 3-bit register {NEANNITERONTIUM shift register\lﬁﬂﬂHﬂ‘mﬁaﬂmn\la%ﬁl:dﬂad
shift reglster nmna"maslwunwmauﬂuamm dynamic range G ua"ﬂmﬁnmmﬂhamﬂ

bit rate ‘/Iﬂ\‘l‘ﬂulwaperformance Ylﬂ

3.Selection of Loop Gain

M loop gain a::nnnmucﬂmu Ry Iﬂ&l‘ﬂR mmaenmaan‘lwmm"num 1ntegrator step
size ﬂmmﬁmtymnmvmum‘mm companding ratio 3% siinalaiiiu 25% *mm companding

X
ratio ¥ nmum‘nm?n coincidence output 9111 Iﬂ&lm gain LAUNTLAT:

L enssefigegauaseemnativasdyqnoidumn

2. transfer function %89 integration filter
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iz liedygnomidimas sine wave 1kHz #9: 0 dBmo lasviltdynamic

range &13n30menelldth 6dB Wiamnnnifesnuumen |y Ioelusmnse
3

» a ) . .
FNNA companding ratio
LsitFin 30% MIMUIUANTE

Wel step size , lAEMIAMIUENNTEUE step size, (NFBIFMUINMIIY
transfer characteristics 789 integration filter 1%’1\1’\17 44 single pole 199 160Hz Q"Qﬂi‘if’

R, = 10k(2 , C,=01uF

1 K
1 gLy S+my
RC
@y = 2mf
10°0, = 27

f = 1592Hy

#1 integration filter ax¥h WieMsaaUdausy single-pole 270 300 - 3kHz MNILUaH
fiasmsfivanainintegrator output azt‘%udﬂqas‘mnquaﬂﬂaﬁd\lﬂ

V. dv,
I =—r+(Cx—2)
R, dt

71 0dBm sine wave aviiigagn 1.0954v T 1/8 vasgnadulninvasRavuuan sz

fipeak vl ehstepazilaeuuasengucs 0dBm %a9iusine Ly

B USR8 V7 (( B SN
2010k 0.125ms

i

U dl t 1 1) L l - lV

losrbhasigugafiadamm R, e slew ooy ———
IWTIRTIUA R avdnnldiyny

]
R, =025(V: ) —0o
x Vec) 0.935mA

4. Minimum Step Size

éV'idle channel step size /184 R, asfossmians Tnebinsdiflifidy o slope
control 1 shift register Q:‘Lﬂﬁmu Fain coincidence a¢MpITIRT Voltage divider 784 Iﬂﬂﬁ
Rs W B, MMaimianloesmnniennssusinng Wiawe fandhray

V. dv,
I, =24+Cc—22%
R
1 v, axagflndiu V2 men v, /R femforailiaeld
AV,
I =C 20
AT

lneien AT Rashenunemas clock uag V, aiiu V,, 983idle output luszun 16Kbit
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Tweas 4.4 auvhriy

ehlaadieas C, azagjﬁ BUA AnssiRzuiUe R,
LRy =V min ; §m3U 30LLA, Vymin = 41.6mV
a3 44 R, 80 18kQ ehamdbinadaas R UAY Ry f2e501YMN 41.6mV
c L =Vaun
RS + RMIN
Ry =2.4MQ2
dMiN9eT 44 ‘hi\lé‘l%msﬁmummwmﬁma%uuuﬁ'w] Jolilinamis
vdnndyyudeegnnasemaiiGoytosud flaggn Modulation laelafiue$ Mc341g
Togrinudman?i 1 (Analog nput) et 15 wisagnanuaN ilanmuiiu “1* (Encode) agvh
W,ﬁé’rycymtaw‘wn (Output) Tuﬁnumwabéfvgtmm Digital WU Series 8anyanii 9 (Digital
Output) uazdaiiundoyaramizeamNg
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dmiumsiafiuiayadedineann AD tssnaulufelulhsneulmaes fasmie

s i ! . L4 =y a é’ 1.4
AMNNTBYA (RAM) uay IC TTL Mitevh Whasasiseavmnwenni melwsanlsznauluéne

1. lulnsmaulmsaiasnszna Mcs-51 sacst

hmﬁﬂLﬁu-ﬁ'aagaazmﬂmﬂau‘[maLaa'gmuaum‘s A/D uazmugNmTIariuayay
RAM uazedynnoan®mlusis A/D usz COUNTER &2t timer

Pl.od1 ™ 40
Pt.1d>2 39 3
Pi.203 38 O
P1.3] 4 37 1
Pt.ads 36 O
Pi.s]6 35 g
Pt.e 7 34
P1.7ds8 3z g
RST o 32 p
(RXD) P3.0 10 31 p
(TXD) P3.1 11 3o
(TNTD) P3.2] 12 29 N0
(TNTT) P3.3 13 28
(TO) P3.4] 14 27 p
(T1) P36 158 26 O
(WH) P3.6 16 250
(D) P3.7d 17 24 N
XTAL2[] 18 23 p
XTAL1 O 19 22 1
GND [ 20 21

vcc

Po.
Po.
.2
PoO.
PO,

PO

0
1

3
4

PQ.5

Po,
Po.

6
7

(ADO)
(AD1)
(AD2)
(AD3)

(AD4) .

(ADS5)
(AD8)
{(AD7)

EA/VPP
ALE/PRUG

PSEN
P2,
P2,
P2.
P2.
P2,
P2.
P2,
P2.

S aA2apLOANO N

(A15)
(A14)
(A13)
(A12)
(A11)
(A10)
(A9)

(AB)

Tﬂﬁ 45 LLET@J‘IJ']LLG"IF]NH%"N‘IJBJ 89C51

w3y 89C51 Single Chip Microcontroller Lﬂu‘iﬁl\]ﬂmﬂaumLGI’:JT‘IILHM’JNHGIT@UUTW

ATMEL mmﬁquﬂxﬁmﬂmunﬁmwh W muaunu‘lufﬂ‘maumma‘m‘svna MCS-51

mwﬁm

IﬂUUMBHLYIENVIWJElﬂ’)'lN’%’lTlJ‘iLLﬂiN ROM e 4KB SnInEauLay aﬂwu‘lﬁhuaamw 1000

mﬂﬂmmmwuunn‘lﬂmﬂ umuwmammawauamﬂu’ﬁﬂaml,muwaqm 89C51 mma‘lﬂu

1) ﬂ’lJJ']?ﬂi‘D’lLYIH\lNIﬂ‘iﬂaNW’J Wliﬁ(ﬂ‘i‘dQﬁ MCS-51

2 wheamalusunsafiu Flash memory 7W1» 4KB

3)  lalwihldsus 27 v - sv
4)  eadBawwaimmnsodouldsoud 0 Hz - 24 Mz

whserwidayauudnng 128 Ty

&

6)  Tduwn/iawinmen 15 T
7)  Whiunasshdinmnng 16 Tin 2 ¢h

8  UMABUMDTWIT 5 uviay

9)  wavaunsuuuL UART Iﬂmn‘mﬂfnuﬁﬂunﬁﬁq'ﬁaQa‘ls’f

10) @ wimnwensnansad LED tlaeass dhensuud sink 20 mA
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2mbwanadiayamenen EXTERNAL RAM awa 128Kbyte

vkBNtaYa (Random Access read/write Memory RAM) wsnft idhuusutiocu
finus ( static RAM,SRAM ) wmummmummm'm‘ldﬂauaaq‘lﬂ‘luumeamsrzmwuauam‘lﬂ
(write data) uaseansnamdaya (read data) ndudwanle Tatay sisvudoyans i uanesalafle
u.sm.,nnumﬂ'mnuwauamnmﬂaauuﬂmwauanauq umauamnn‘lﬂuu‘ma::Lﬂuuuu‘hinm
(volatile) ﬂamamumﬂau‘lwelvmuu‘su'nauamnu‘lwzmyma‘lﬂ mheemusdayaiiay fnenua
euvnistiasaae] 17pin (A0 - A16) (muumm'm'ﬁmummwam‘lﬂ 2" vidn 131072 vt 1287Ta
‘luv‘l Hay mwauamaan 8pin (DO -D7) fenuananmue MINULBITN (chip select , CS) 2pin
NeUgNNId B ayRIMUT

A0

A1l

A2

A3

A4 Do

A5 D1

A6 D2
Address RAM A7 D3 DATA 8bit
17pin 128Kbyte A8 D4

A9 D5

A10 D6

All D7

A12 +5V

A1l3 Cs2 —T

Al4 cs1

A1l5 (E_D

Al6 WR |7  Write Active LOW

OE [ Read Active LOW

Wi 46 WeRlA5955 9789 RAM 128kByte

v
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3. TTL IC AL 74XX
hassmafudayedinenatld 1C TTL weihelhemsiistesmmnnin Sasonadly

gt

- 74157 ( Multiplexer, MUX /Quadruple 2-Line -to-1-Line Data Selector ) i]"uﬂm'mumi
taanwuﬂuﬂaoauwnmumselect ammmuauw'nmﬁmLﬂua.,Lfluns"munm'zmuwaua( logic
low Y]‘lﬂ WR logic high Yl’ln OE) nysuumsamy( logic low Yl‘ln RD , logic high mn CE ) am
waanhenay muum‘ln 89C51 Laan‘1mw.,mnsvufmmisl@nawaa MEMIMUUATT select

- 7404 Hex Inverter 1‘Z?1umilnvert mloglc Lwamsnau complement waua‘lunsmm.flwa
uamﬂaauuu

- 74393 Dual 4-Bit Binary Counter sl‘r‘f’lunﬁﬁudmumawyuaaa e counter Gaviagin
mMaiueaddress 99RAM axmﬁlau\lﬂmuﬁam:ﬁmrmmmﬂmwaa counter -

- 74245 Bidirection Buffer / Octal Bus Transceivers with 3 - state Qutputs 1‘3’@»&@1”)
ﬁ'm'.:wiwporto 789 89C51 uaem Data (DO - D7) 999 RAM anansorimuafienmams awhasn

799193a¢1 691 enable G Ua¥M DIR (direction)
4. MAX232 n‘m.%amimmumms@m RS-232

sl.umil.%amiaLLUU?JL&H?JJL‘ZT‘]ﬁUEJUﬂiniﬂEJNﬁ’JLﬂﬂ%@i’ld'] U PN GRS niand wia Tns
v (Dudu Sinag mwum‘lﬁnm‘ﬁamamummﬂjm RS-232 mmwa‘lwums‘l'mumuﬁrurmm
Ve plieshidensafivenadastiy slonetigmmadrialale sorhadynnomasgunscifian
Fonsaruacmesmliionas diosnnsssuhawnii fuay EMIWIHANNMANETBITEFUADIM N
mamngniiusnadlunniloilusaineail losssddynnomes RS-232 iy
wnd sesuhawmamedmioutn 3 v & -20 V azinuenandn 1 waghawmamadmianga
+3V 09 420 V aztunmuenaadn 0 muua"mﬂmmmmm@Lﬂum"ﬂaaquaﬂmmmmm?wmw
il e By muTaammn's.,uu 0V &4 5 V ammndygnomes 89051 fusssuba
wafigenen 43V wie dhnd -3 v daluqff 8.17 'muﬁm‘lwmmw"muﬁrurmmuuu TTL 91N
YR TxD uaz RxD 989 89C51 awdaagmuAeuludusedudygo Rs-232 row #
'«szhmidaaan‘lﬂiuﬂme‘ﬁytmmsia‘lﬂ uazuuy TTL anlulasaaulnsawad 8551 Wiusedu
Fynnoauy  RS-232 way msujauuuﬂa\ﬁ"muatymmauwwu.uu RS-232 Wiflusesudyanomn
TIL rewfneléifansarumdynnmedlaslmamed sscst
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+12V

soudyqnou TTL T by

TxD >

microcontroller

8051

a

Qi aun@LLIY
RS-232

RxD°
LUty TTL

U 47 uﬂm‘lﬁtﬁuﬁqu,mmﬂﬂﬁauuﬂaosso’fm‘ﬁywmtmu TTL
mn‘lu‘[ﬂsﬂauimaLaaﬁﬂtﬂuwéfmé{’tytymu.uu RS-232

Tmaﬁ11ﬂgﬂuuu'namwsﬁmmmm‘lﬁwmaé’num.,"v'l’omiaanu.uuﬂ%’wmwﬂﬁuu
v v L/ = L) =l d' : v 4
wiudtygnadesmstivmuianeviolatmmma Manfownsss, RS-232 M TTL Foudng
é’nunwmsﬁﬂlﬂ%om%wzf'{’omLﬁm'wﬁmﬂ'z?tﬁuf'{’tytmmﬁmdaﬁuyuwwiwoﬁmﬁm 3 Wuimiu

fia wdtyqmdmunsaetoya ( Tx) Pituauinsoidn ndtyanadmiunsiutaya (Re) fidh

v
(Y]

nnngUnsolBuuaL Iy mNTRY

+5v
T 10uF

10uF
[~ M
ﬁl ]

10uF

wuw +_ [ | -+

A
T
-

we L |

T,
Tx s —— ] PO
Rx lad *‘L\L 3 RXD
L]
T
i

2 48 maGonsiasewiveasiumeiiullnsreuaneidan MAX23
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Algorithm :

. 1% s9cs1 mmwmumammumwm initialize gUNTHIMNGELMIESA Sarksnay
lude Mcaa1s (ifiadtnnnanim cock 14 A/D wasuanamme AD ulnue
Encode ) ,74245 (Buffer) (mwuﬂ'nﬂmamaan‘nawa;gaim'm port0 %89 89C51 My
Ni0ya DO - D7 104RAM ) , 74393 (Counter) (i&erScounter WiSudoust 0 i
\TUNTUGUMY address 789 RAM )

2. mmmmﬂmmfﬂﬁaﬂm ¥iaMum p20 - p2.2 uazld routine Wlsunsusunuenae
flassudunds I mimi T.mmﬂm emeianiy GND 189993 mnmﬂu 1397
1 p2.0 ot GND o p2.0 foeudnsluaglubmedaie REC fny Guvmhe
Clock B A/DEhemuauden multiplexer mode A( wiite )muamuwammavﬂu
mmvmmmutﬁu‘lﬂmmﬂn 49 ua"mmmu counter faiaushemisgg RAM
il RAMIfutiaymaudinud counter iudenneumisesRAM fhasly
interrupt 89C51 slwf‘fa‘lﬂmaﬂnsmawﬂwqﬂwmu laemeaane clock uay disable
qunaslneh uas oir p2.3 Yl LED sin wauded RAM gnifinsumuaudn 39
manmﬂuuaﬂﬂ‘mmm Lannay Tﬂ@]‘lﬂuﬂﬂsunmuaunagma‘luTﬂnmwwﬁnanﬁ

External Data Memory Write Cycle

ALE N_
- Yomiu

PSEN __~ TN

— L Yo —»

WH  —1,

favi—e  Tavex — F“wsnx
'an——li
AD - A7 FROM RI OR 0P, BATA OUT (<40 - A7 FROM PEL—(NSTR N
Yo, ———

P20 - P27 OR AB - Al5 FROM DFH X AB - A15 FROM PCH

PORT 0

PORT 2

n 49 smsdamsmadiandayaiumbeenaddayameuan
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3. wismnnewn REC Tuud Lﬁasﬁ'aanmzuﬂaﬁasﬁamnRAM%aLfluﬂ'faagaaﬁmaaiﬁaﬁu
eynnmedonifendas D/A MC341s LLaszamﬁaaﬂa%uwﬁmaﬂauﬁama% oty
1#8ianRems scankey teflivmanenuiiz ( PLAY ) osloiiu p21  8oCE1a:
ﬁwm‘smﬂm‘lﬂgﬂﬂmmmaiaa‘?}aa::ﬁmuﬂmL"“a:m"msmq 183 D/A Tlnua Decode
uashnTaadescounter uABIMIAEN multiplex B (read) %a%ﬁﬁmzuwaq'msinq
1u’~3’omzm5a'ml,ﬂuxlﬂmu;sﬂ°7i4.10 nmiwhmsden clock Wqﬂnsrﬁshqqﬁ'mmu
dotayagnsuasiianasaLas uavastanalUf D/A dhem¥oniu indayagnem
WMNAUTIIMC p2.3 vl LED a9 thoudad RAM YNETUAUMNAUAY 9N

1’.: . v o6 et nl.:
uummﬁa‘mﬂammﬂ'ﬁanma

External Data Memory Read Cycle

bai—n
ALE k. m
—H Lames

PSEN /
i oy —H N
[— taian —n
—— tw —
FD ot —at Nt A
. !'*"'11_'1 LT Yoz
faz — tewrx
PORT 0 >—~AD - A7 FROM Rl OA DPL K DATA IN AQ - A7 FROM PCL INSTR IN
L Ru—

v ————

PORT 2 * P20 P27 OR AS - AYE FROM OPH___ ¢ AB - AMS FAOM PCH

U 4.10 smusimzmagndayaiimhoeaddayamenan
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Flow Chart

START

Initialize Circuit

set timer , clear counter

enable all interrupt

'

—>

waiting user

press buttton

49

DOESN'T PRESS

IF[PRESS REC BUTTON
GO TO PLAYING

RECORD

'

PRESSED

ENCODE MODE (RECORD)
CLK32kHZ & COUNTERRUN

IF PRESS PLAY BUTT(
GO TO RECORDIN

PLAY

'

DECODE MODE (PLAY)
CLK32kHZ&COUNTERRUN

l

AUDIO ON SPEAKER

FULL RAM A16"1"

COUNTER WILL

INTERRUPT 89C51
CLOCK STOPPING

DN
G

U# 4.12 Flowchart m3muan MC3418 selulasnaulrsaiasa’escs:
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o
unn 5

AGIHEF[OBIN

waannmw’nTﬂswumuummmﬁﬂﬁ\lﬁaanuuu‘l’?wuimnmmmaaqLﬁuﬁaaﬂaé’ﬁmaauu
i amwmh‘ifaagaﬁaa‘lﬂmﬂaﬂmama%ﬂﬂng’.hmmamnLﬁu‘ﬁ’aagauazmuﬁmhﬁaagaﬂ’umna@
et ldothadaiios
] [ A L% (38 ° v va G X7 “
athalsfionn mLLmeas\luTﬂsﬂauTwsaLaammmnﬂmmuqmﬂumnmu usitfanafitioym
TaInnANMIBNSUTBINNNA Y IMTUNMUTIDRRIN WY 50HZ dmiioynletreaimbila

LianldoanuuumaiupgumwidsseRawmasiin 7 ( Sygnoudsemesn ) Sasneuhifon

R2 600€2 wag C2 0.15|LF wansasnmnuiasdyanmsunam

s
Analog R2 7
Output
600
Ce MC3418
0.15uFI \
1 Rt 600 O! |6
RO 0.1 puF
13k

NOTE: These component values are for the telephone channel
circuit poles described in the text. The R2, C2 product ¢an
be provided with different values of R and C. R2 should be
chosen 1o be equal to the termination resistor on Pin 1.

U7 5.1 low pass filter NyyIUMaanifotFugmNMEe
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Hofhasfufuqsqumwidssiunanidudsmasisemablunsduehatin (Sampling
Glu X 1A .Slv 6a A X ’.len )1 .611.;»
Rate) Wgeannauugiiinerh Muuuaisfiannauvh iifiatigm slope overload anantiayninmad
Wifian lumatafiusnniu dmsummiupeamwidaasasiug) 44 uanasiiianamaes
anudlugy 5.1 Feasiidyqnouieaiidynmmunuieaas Aed SN (Signal to Noise) Jenann

X 4 a d v
Pudtorintaanasauiiugls.1 Sunaldnnnew Tugus.2

35
VAN R
<
3 20 b//_,x/ S~
‘$ /c L~
o 15 A~

/ .

§ 32k Bit CVSD

10 /|
+
w

5.0

45 40 35 -30 25 -20 -15 -10 =50 O
AMPLITUDE (dB)

NOTE: These curves demonstrate the improved performance obtained
with several codec designs of varying complexity.

Curve a — Complex companding and double integration (Figure 19)
Curve b — Double integration (Figure 14 using Figure 17)
Curve ¢ - Single integration (Figure 14) with 6.0 mV stepsize
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S i ASCH CODE B e

CR EQU ODH

LF EQU 0AH

EOS EQU 10H

BELL EQU 07H

BS EQU 08H
FS EQU 0CH

SPACE EQU 20H

H_COUNT EQU 21H .
L_.COUNT EQU 22H

EXINTO EQU 23H

LIMP  MAIN

ORG  0003H

LIMP  EXINT - INTERRUPT AND WAITING FOR PLAY
ORG  000BH

LJMP  TIMER1

SHHOTH S . MAIN ##{######################################

MAIN: MOV
INITIAL: MOV
MOV
MOV
SETB
MOV
SETB

SP,#60H
SCON,#01010010B  ; 8BIT UART CAN FIX BAUD RATE
TMOD.#001000108  ; TIMER MODEO 8 BIT AUTORELOAD

TH1,#0FDH : BAUD RATE
TR1 : START TIMER FOR SERIAL PORT
THO,#-15 : CLOCK 32kHZ (A/D)

P1.1 : CLOCK A/D HIGH (INITIALIZE CLOCK)




SR RECORD B R

RECORD:

RECORDING:

STARTR:
CLOCKR:

JB

SETB
SETB
SETB
SETB
LJMP

CLR
CLR
SETB
SETB
CLR
SETB

SETB

JNB
CLR
CPL

P2.0,LOAD ;‘EHECK RECORD BUTTON 1st P2.0
EXINTO
EA ; ENABLE INTERRUPT (IE7)
ITO - INTERRUPT AT EDGE 1 TO 0 (TCONO)
“EXO ; EXTERNAL INTER.RUPTO ENABLED(IEO)
RECORDING ' . IF PUSHED PROCESS RECORDING BEGIN
P3.5 : CLEAR ALL COUNTER 74393
P3.3 : SELECT MUX MODE A 74157
P1.6 : ENCODE A/D MODE_,MC3418
P1.3 : ENABLE G "HIGH"
P1.4 : DIRECTION B(P0) TO A(DATA)
P3.5 : START ALL COUNTER 74393
TRO : CLOCK 32kHZ RUNNING
TF0,CLOCKR
TFO
P1.1 : CLOCK D/A LOW

LJMP STARTR

85

B R INTERRUPT ROUTINE AT

EXINT:

DOWNLOAD:

JB

EXINTO,DOWNLOAD

LCALL RECORD

CLR
CLR
CLR
CLR
CLR
CLR

TRO : OVERFLOW RAM STOP CLOCK

EA

ITO

EXO

EXINTO

P2.3 : YELLOW LED BRIGHT,OVERFLOW RAM

CALL DELAY

MOV DPTR#END _ ;MENU DISPLAY

LCALL SEND_STR
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SR R R LOAD  HHHH R R R T R

LOAD:

LOADING:

STARTL_Q:
STARTL:
CLOCKL:

JB  P2.1,RECORD ; CHECK LOAD BUTTON 3nd P2.2

SETB P2.3 ; CLEAR OVERFLOW LED

SETB EA

SETB ITO

SETB EXO0

LJMP LOADING ; IF PUSHED PROCESS LOADING BEGIN
CLR P13 ; ENABLE G

SETB P14 : DIRECTION A(DATA) TO B(P0)
CLR P35 ; CLEAR ALL COUNTER 74393
SETB P3.3 ; SELECT MUX MODE B 74157
CLR P16 ; DECODE D/A MODE MC3418
SETB P35 ; START ALL COUNTER 74393
CLR C ; SOUND REPRODUCE

MOV  DPTR#TITLE : MENU DISPLAY
LCALL SEND_STR

MOV H_COUNT,#200H

MOV L_COUNT #100H

SETB TRO : CLOCK 32kHZ RUNNING
JNB  TFO,CLOCKL

CLR TFO

CPL P1.1 : CLOCK D/A LOW

MOV  C,P0.0

LJMP  STARTL

DJNZ L_COUNT,STARTL

DJNZ H_COUNT,STARTL_0O

MOV . DPTR#END  MENU DISPLAY
LCALL SEND_STR

CLR P23

LIMP  MAIN
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HHHHH R DELAY S R R AR i

DELAY: MOV R7 #0FFH

DELAY1: MOV R6#10
DJNZ R6,$
DJNZ R7,DELAY1
RET

S HEEERREEE. CONVERT BINARY TO ASCH CODE HEHBHI R BB R
BIN_ASCII: ANL A#OFH ;HIGH BYTE TO ‘0000’
MOV  R2A
CLR C
SUBB A#10 ; ANALYZE CARRYFLAG
JNC STEXT ; CARRY FLAG SET IT IS WORD
MOV  AR2 ;
ADD A#30H ;ADD FOR CONVERT TO NUMBER ASCII
RET ;

STEXT: MOV AR2 :CARRYFLAG NOT SET IT IS NUM
ADD A#37H ; ADD FOR CONVERT TO WORD ASCII
RET
M o
; ## ASCII_BIN CONVERTS SINGLE ASCII ##
. ## CHARACTER TO SINGLE NIBBLE BINARY  ##
: ##(30-39 <0-9>,41-46 <A-F>61-66 <a-f>) Hi#t

O F

HHHHHHHERHE Y BYTE_ASCIIWCONVERT A TO ASCII IN R4, RS #H#HHHHHIBHH I #

BYTE_ASCH: MOV BA
LCALL BIN_ASCII
MOV R4.A ; LOW BYTE
MOV AB
SWAP A
LCALL BIN_ASCH
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MOV R5A
RET

 HIGH BYTE

58

B CONVERT ASCII TO BINARY CODE L

ASCI_BIN:

RTEXT:

CLR C

MOV R3A
SUBB A#41H
JNC  RTEXT
MOV  AR3
CLR C

SuBB A #30H
RET

MOV  AR3
SUBB A#37H
RET

HHR Y RECEIVE & TRANSMIT BYTE R R H AR

SEND_ASC: MOV BA

S DATA TRANSFER ROUTINE  #ititHHHHHHEHHHHHHHH R i

SEND:

RECV:

SWAP A

CALL BIN_ASCII
CALL SEND
MOV AB

CALL BIN_ASCH
CALL SEND
RET

JNB TI$
CLR TI

MOV  SBUF.A
RET

JNB RIS
CLR RI

MOV  A.SBUF

- RET

; HIGH BYTE GO

; LOW BYTE GO



PR

e

RECVE:

SEND_STR:

SD_STR1:

SD_STR2:

SEND_CR:

SEND_BS:

TITLE: DB
DB
DB
DB
DB

END: DB
END

JNB RIS
CLR R
MOV A SBUF
CALL SEND
RET
PUSH ACC ; FEAR DATA A CONFUSION KEEP BY PUSH
CLR A

MOVC A@A+DPTR

CJINE A #EOS,SD_STRZ

POP ACC
RET

CALL SEND
INC DPTR
JMP  SD_STRt
MOV  A#CR
CALL SEND
MOV A#LF
CALL SEND
RET

MOV  A#SPACE
CALL SEND
RET

CR.LF. n iittttttttttittittiiiiiiiiiiiiiitttttitttttiiiiiiiiiiitittl'CR'LF

CR\LF, " THE STUDY OF DELTA-SIGMA MODULATION"

CRLF, " THIS IS DATA OF A/D MC3418 WITH 32 kHz",CR,LF

CRILF,  "wwesees s ————————— s
CRLF NOW DISPLAY DATAONRAM  *,EOS
CRLF. END OF DATA " EOS

59
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Order this document by MC3418/D

MOTOROLA

MC3418

CONTINUOUSLY VARIABLE
SLOPE DELTA
MODULATOR/DEMODULATOR

LASER-TRIMMED IC

Continuously Variable Slope
Delta Modulator/Demodulator

Providing a simplified approach to digital speech encoding/decoding, the
MC3418 CVSD is designed for military secure communication and
commercial telephone applications. A single IC provides both encoding and
decoding functions.
® Encode and Decode Functions on the Same Chip with a Digital Input

for Selection
e Utilization of Compatible 12L — Linear Bipolar Technology
® CMOS Conipatible Digital Output
e Digital Input Threshold Selectable (Vcc/2 Reference Provided On—Chip)

MC3418 has a 4-Bit Algorithm (Commercial Telephone)

SEMICONDUCTOR
TECHNICAL DATA

P SUFFIX
PLASTIC PACKAGE
CASE 648
Representative Block Diagram
DW SUFFIX
Encode/Decode Clock PLASTIC PACKAGE
' @ 14 CASE 751G
(SO-16L)
Analog 1
Input ©
Analog ., 2
Feedback
Dighal 13 PIN CONNECTIONS
Data Input T
3~ or 4-Bit ! T\J ]
igial 12] [ _ Shift Register | anaiog put (1[0~ 6] vee
Thres,'t?galdlc v Q 010 OIQ QIQ_ Q! Analog Feedback E 1__5] Encode/Decode
H 1 Syllabic Fitter 3 | [14] Clock
Gain Control [ 4 [13] Digital Data Input ()
Logic LN meme Ref Input (+) [ 5 | [12] Digital Threshold
Digital _ 9 : un P Filter input () [ 6 | [ 11] Coincidence Output
Output
Voor2 10 Integrator I < Converter Analog Output [ 7 | 10] ve/2 Output
Output 1 Vgg{Z Amplifier Pill(;?ie 3, Syllabic Fier vee (8] 9] Digial Output
Z Swi ty 0 Gain Control
witch “—Igc (Top View)
o) | bt T
70 50 06 ORDERING INFORMATION
Analog Ref Filter )
Output  Input  Input Operating
(+) “) Device Temperature Range Package
MC3418DW SO-16L
This device contains 144 active transistors. TA=0°t0 +70°C -
MC3418P Plastic DIP

© Motorola, Inc. 1996
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MAXIMUM RATINGS (All voltages referenced to VEE, Ta = 25°C,

unless otherwise noted.)

Rating Symbol Value Unit

Power Supply Voltage Vee —0.4t0 +18 Vde
Differential Analog Input Voltage Vip 15.0 Vde
Digital Threshold Voltage VTH —0.4toVee Vde
Logic Input Voltage Viogic Vdc

Clock, Digital Data, Encode/Decode —0.4to +18

Coincidence Output Voltage VO(Con) —0.4to+18 Vde
Syllabic Filter Input Voltage Vi(syl) —0.4to Vg Vdc
: Gain Contro! Input Voltage VI(GC) —0.4to Ve Vdc
Reference Input Voltage Vi(ref) Veeo/2-1.0t0 Voo Vdc
Vc/2 Output Current Iref -25 mA

:NOTE: ESD data available upon request.

ELECTRICAL CHARACTERISTICS (Vgc =12V, VEE = Gnd, Ta =0 to 70°C, unless otherwise noted.)

X Characteristic Symbol Min Typ Max Unit
Power Supply Voltage Range (Figure 1) VCCR 4.75 12 16.5 Vdc
Power Supply Current (Figure 1) Icc mA

@ idle Channel
Ve =50V - 37 5.5
Veg=15V - 6.0 11
Gain Control Current Range (Figure 2) IGCR 0.002 - 3.0 mA
Analog Comparator Input Range (Pins 1 and 2) \] 1.3 - Vee-1.3 Vdc
' 475V<Vpoos165V
Analog Output Range (Pin 7) Vo 1.3 - Vee-1.3 Vdc
475V<Vec <165V, 10 =15.0 mA
Input Bias Currents (Figure 3) B : pA
. Comparator in Active Region
Analog Input (1) - 0.25 1.0
Analog Feedback (12) - 0.25 1.0

" Syliabic Filter Input (13) - 0.06 0.3

*  Reference Input (I5) - -0.06 -0.3
Input Offset Current ho HA

Comparator in Active Region
Analog Input/Analog Feedback

"I -~12] (Figure 3) - 0.05 0.4

t  Analog Input/Analog Feedback

v lis-16] (Figure 4) - 0.01 0.1
Input Offset Voltage Vio - 2.0 6.0 mv

VI Converter (Pins 3 and 4) (Figure 5)
Transconductance gm mA/mV
V/i Converter, 0 to 3.0 mA 0.1 0.3 -
; Integrator Ampilifier, 0 to +5.0 mA Load 1.0+ 10 -
Propagation Delay Times (Note 1) ns
Clock Trigger to Digital Output tPLH - 1.0 2.5
CL = 25 pF to Gnd tPHL - 0.8 2.5
Clock Trigger to Coincidence Output tPLH - 1.0 3.0
CL=25pFtoGnd, R =4.0kQ to Voo tPHL - 0.8 2.0
Coincidence Output Voltage — Low Logic Stage VOL(Con) - 0.12 0.25 Vdc
1oL (Con) = 3.0 mA

NOTES: 1. All propagation delay times measured 50% to 50% from the negative going (from Ve to +0.4 V) edge of the clock.
2. Dynamic total loop offset (ZVoffset) equals VIO (comparator) (Figure 3) minus VIOX (Figure 5). The input offset voltages of the
analog comparator and of the integrator amplifier include the effects of input ofiset current through the input resistors. The slope

polarity switch current mismatch appears as an average voltage across the 10 k Integrator resistor. The clock frequency is

32 kHz. Idle channe! performance is guaranteed if this dynamic total loop offset Is less than one~half of the change in integrator

output voltage during one clock cycle (ramp step size). Laser trimming Is used to ensure good idle channel performance.

MOTOROLA ANALOG IC DEVICE DATA
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ELECTRICAL CHARACTERISTICS (continued) (Voc = 12 V, VEE = Gnd, Ta = 0 to 70°C, unless otherwise noted.)

Characteristic Symbol Min Typ Max Unit
Coincidence Output Leakage Current — High Logic State IOH(Con) - 0.01 0.5 HA
VoH=15V,0°C < Tpo £70°C
Applied Digital Threshold Voltage Range (Pin 12) VTH 1.2 - Vee-20 Vde
Digital Threshold Input Current lith) pA
1.2VsVihsVee-20V
V)L Applied to Pins 13, 14 and 15 - - 5.0
ViH Applied to Pins 13, 14 and 15 - -10 =50
Maximum Integrator Amplifier Output Current lo 5.0 - - mA
Ve /2 Generator Maximum Output Current (Source Only) et 10 - - mA
Ve /2 Generator Output Impedance (0 to —10 mA) Zref - 3.0 6.0 Q
Ve /2 Generator Tolerance (4.75 VS Voo £16.5V) er - - 3.5 %
Logic Input Voltage (Pins 13, 14 and 15) Vdc
Low Logic State VIL VEE - Vih - 0.4
High Logic State VIH Vih +0.4 - 18
, Dynamic Total Loop Offset Voltage (Note 2) (Figures 3, 4 and 5) ZVoftset mvV
lgc=12pA, Ve =12V
+ Ta=25°C - 10.5 3.0 .
0°C<TaA<+70°C - 10.75 13.8
lgc=12pA, Voc =50V
; TA=25°C - 1.0 3.5
0°C < Ta < +70°C - 1.3 +4.3
Digital Output Voltage Vdc
i loL=3.6mA VoL - 0.1 0.4
loH =-0.35 mA VOH Veg-1.0 | Vcc-0.2 -
Syliabic Filter Applied Voltage (Pin 3) (Figure 2) Vi(syl) 3.2 - Vee Vde
Integrating Current (Figure 2) it |
lgc=12pA 8.0 10 12 pA
Igc=1.5mA 1.42 1.5 1.58 mA
lgc=3.0mA 2.75 3.0 3.25 mA
Dynamic Integrating Current Match (Figure 6) VO(Ave) - +100 +280 mV
Igc =1.5mA
Input Current — High Logic State (V|4 = 18 V) IH pA
Digital Data Input - - 5.0
Clock Input - - 5.0
Encode/Decode Input - - 5.0
Input Current — Low Logic State (Vj_ =0 V) L pA
Digital Data Input -10 - -
Clock Input -360 - -
Encode/Decode Input -36 - -
Clock input, V) =04V ~72 - -

NOTES: 1. All propagation delay times measured 50% to 50% from the negative going (from Vo to +0.4 V) edge of the clock.

2. Dynamic total loop offset (EVofiset) equals VIO (comparator) (Figure 3) minus VIOX (Figure 5). The input offset voltages of the
analog comparator and of the integrator amplifier include the effects of input offset current through the input resistors. The slope
polarity switch current mismatch appears as an average voltage across the 10 k integrator resistor. The clock frequency is
32 kHz. Idle channel performance is guaranteed if this dynamic total loop offset is less than one~half of the change in integrator
output voltage during one clock cycle (ramp step size). Laser trimming is used to ensure good idle channel performance.

DEFINITION AND FUNCTION OF PINS

Pin 1 — Analog Input

This is the analog comparator inverting input where the
voice signal is applied. It may be ac or dc coupled depending
on the application. If the voice signal is to be level shifted to
the internal reference voltage, then a bias resistor between
Pins 1 and 10 is used. The resistor is used to establish the
reference as the new dc average of the ac coupled signal.
The analog comparator was designed for low hysteresis
(typically less than 0.1 mV) and high gain (typically 70 dB).

Pin 2 — Analog Feedback

This is the noninverting input to the analog signal
comparator. In an encoder application it should be connected
to the analog output of the encoder circuit. This may be Pin 7
or a low pass filter output connected to Pin 7. In a decode
circuit Pin 2 is not used and may be tied to Vg /2 at Pin 10 or
ground.

The analog input comparator has bias currents .of 1.0 pA
max, thus the driving impedances at Pins 1 and 2 should be

MOTOROLA ANALOG IC DEVICE DATA
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equal to avoid disturbing the idle channel characteristics of
the encoder.

Pin 3 — Syllabic Filter

This is the point at which the syllabic filter voltage is
returned to the IC in order to contro! the integrator step size.
Itis an NPN input to an op amp. The syllabic filter consists of
an RC network between Pins 11 and 3. Typical time constant
values of 6.0 to 50 ms are used in voice codecs.

Pin 4 — Gain Control Input

The syllabic filter voltage appears across Cg of the syllabic
filter and is the voltage between Ve and Pin 3. The active
voltage to current (V — I) converter drives Pin 4 to the same
voltage at a slew rate of typically 0.5 V/us. Thus the current
injected into Pin 4 (Igc) is the syllabic filter voltage divided by
the Ry resistance. Figure 7 shows the relationship between
IGC (x—axis) and the integrating current, ijnt (y—axis). The
discrepancy, which is most significant at very low currents, is
due to circuitry within the slope polarity switch which enables
trimming to a low total loop offset. The Ry resistor is then
varied to adjust the loop gain of the codec, but should be no
larger than 5.0 k2 to maintain stability.

Pin 5 — Reference Input

This pin is the noninverting input of the integrator amplifier.
It is used to reference the dc level of the output signal. In an
encoder circuit it must reference the same voltage as Pin 1
and is tied to Pin 10.

Pin 6 — Filter Input

Thisinverting op amp input is used to connect the integrator
external components. The integrating current (Ijnt) flows into
Pin 6 when the analog input (Pin 1) is high with respect to the
analog feedback (Pin 2) inthe encode mode orwhen the digital
datainput (Pin 13) is highin the decode mode. For the opposite
states, lint flows outof Pin 6. Single integration systems require
a capacitor and resistor between Pins 6 and 7. Multipole
configurations will have different circuitry. The resistance
between Pins 6 and 7 should always be between 8.0 kQ and
13 kQ to maintain good idle channel characteristics.

Pin 7 — Analog Output

This is the integrator op amp output. Itis capable of driving
a 600 Q load referenced to Vgo/2 to +6.0 dBm and-can
otherwise be treated as an op amp output. Pins 5, 6 and 7
provide full access to the integrator op amp for designing
integration filter networks. The slew rate of the internally
compensated integrator op amp is typically 0.5 V/us. Pin 7
output is current limited for both polarities of current flow at
typically 30 mA.
Pin 8 — VEE

The circuit is designed to work in either single or dual
power supply applications. Pin 8 is always connected to the
most negative supply.
Pin 9 — Digital Output

The digital output provides the results of the delta
modulator’s conversion. It swings between Vo and VEE and
is CMOS or TTL compatible. Pin 9 is inverting with respect to
Pin 1 and noninverting with respect to Pin 2. It is clocked on
the falling edge of Pin 14. The typical 10% to 90% rise and fall
times are 250 ns and 50 ns respectively for Vo = 12 V and
CL =25 pF to ground.

Pin 10 — V¢ /2 Output
An internal low impedance mid-supply reference is
provided for use in single supply applications. The internal

regulator is a current source and must be loaded with a
resistor to ensure its sinking capability. If a +6.0 dBmo signal
is expected across a 600 Q input bias resistor, then Pin 10
must sink 2.2 V/600 Q = 3.66 mA. This is possible only if
Pin 10 sources 3.66 mA into a resistor normally and will
source the difference under peak load. The reference load
resistor is chosen accordingly. A 0.1 uF bypass capacitor
from Pin 10 to VEE is also recommended. The Vgc/2
reference is capable of sourcing 10 mA and can be used as
a reference elsewhere in the system circuitry.

Pin 11 — Coincidence Output

The duty cycle of this pin is proportional to the voltage
across Cs. The coincidence output will be low whenever the
content of the intemal shift register is all 1s or all 0s. The
MC3418 contains a 4-bit register. Pin 11 is an open collector
NPN device and requires a pull-up resistor. If the syllabic
filter is to have equal charge and discharge time constants,
the value of Rp should be much less than Rg. In systems
requiring different charge and discharge constants, the
charging constant is RgCg while the decay constant is (Rg +
Rp)Cs. Thus longer decays are easily achievable. The NPN
device shouid not be required to sink more than 3.0 mA in
any configuration. The typical 10% to 90% rise and fall times
are 200 ns and 100 ns respectively for R| = 4.0 kQto 12V
and C|_ = 25 pF to ground.

Pin 12 — Digital Threshold

This input sets the switching threshold for Pins 13, 14 and
15. It is intended to aid in interfacing different logic families
without external parts. Often it is connected to the Vgc/2
reference for CMOS interface or can be biased two diode
drops above VEE for TTL interface.

Pin 13 — Digital Data Input

In a decode application, the digital data stream is applied
to Pin 13. In an encoder it may be unused or may be used to
transmit signaling message under the control of Pin 15. It is
an inverting input with respect to Pin 8. When Pins 9 and 13
are connected, a toggle flip—flop is formed and a forced idle
channel pattern can be transmitted. The digital data input
level should be maintained for 0.5 us before and after the
clock trigger for proper clocking.

Pin 14 — Clock Input

The clock input determines the data rate of the codec
circuit. A 32 k bit rate requires a 32 kHz clock. The switching
threshold of the clock input is set by Pin 12. The shift register
circuit toggles on the falling edge of the clock input. The
minimum high time for the clock input is 300 ns and minimum
low time is 900 ns.

Pin 15 — Encode/Decode

This pin controls the connection of the analog input
comparator and the digital input comparator to the internal
shift register. If high, the result of the analog comparison will
be clocked into the register on the falling edge at Pin 14. If low,
the digital input state will be entered. This allows use of the IC
as an encoder/decoder or simplex codec without external
parts. Furthermore, it allows non-voice patterns to be forced
onto the transmission line through Pin 13 in an encoder.

Pin 16 — V¢
The power supply range is from 4.75 to 16.5 V between
Pin Vcc and VEE.

4
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Figure 1. Power Supply Current .

Figure 2. IgcR — Gain Control Range and ljnt -
Integrating Current

V%C V%C
10k \J <C frour J_o.uu: \_J 10;15]_ _J_o.1 uF
AM—{1] | O 16 I I [i}{©° 16 I I
1.0k c T -
—~+—— 2] 15 2] 15—
60 mv VB )
+Hi—{3] 120 Clock +-Hip—3 o fock
50k 7] E__l_ lac | Fx 0 [ Digital Data
CvsD CcVSD Input
0.1 pF = 0.1 pF
: MC3418 - MC3418
5 12— 5 12—
10k 10k L Vs
ac = R,
§ 1] 6 1] Ry < 50 k
10k
0.05 uF - = I I'“‘T 005 uF . s = 0.1
’ 0.1 uF I -
@ 5 | L 0 o3
= o - = (Note 1)

NOTES: 1. Digital Output = Digital Data Input
2. For static testing, the clock is only necessary for

Figure 3. Input Bias Currents, Analog
Comparator Offset Voltage and Current
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Figure 4. Integrator Amplifier Offset
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Figure 5. V/1 Converter Offset Voltage,
Vio and V|oX Figure 6. Dynamic Integrating Current Match
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2.V|ox is the average voltage of the triangular wave observed at t the measurement points, across
form observed at the measurement points. 10 kQ resistor with Igc = 1.5 MA.
2. See Note 2 in the Electrical Characteristics table.
3. See Figures 8 and 9.
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Figure 11. Block Diagram of the CVSD Encoder
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Figure 13. Block Diagram of the CVSD Decoder
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Figure 14. 16 kHz Simplex Voice Codec (Single—Pole Companding and Single Integration)
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CIRCUIT DESCRIPTION

The continuously variable slope delta modulator (CVSD)
i¢ a simple alternative to more complex conventional
conversion techniques in systems requiring digital
communication of analog signals. The human voice is
analog, but digital transmission of any signal over great
distance is attractive. Signal/noise ratios do not vary with
distance in digital transmission and multiplexing, switching
and repeating hardware is more economical and easier to
design. However, instrumentation A to D converters do not
meet the communications requirements. The CVSD Ato D is
well suited to the requirements of digital communications and
is an economically efficient means of digitizing analog inputs
fér transmission.

The Delta Modulator

The innermost contro! loop of a CVSD converter is a
simple delta modulator. A block diagram CVSD Encoder is
shown in Figure 11. A delta modulator consists of a
comparator in the forward path and an integrator in the
feedback path of a simple control loop. The inputs to the
comparator are the input analog signal and the integrator
output. The comparator output reflects the sign of the
difference between the input voltage and the integrator
output. That sign bit is the digital output and also controls the
direction of ramp in the integrator. The comparator is
normally clocked so as to produce a synchronous and
band-limited digital bit stream. )

If the clocked serial bit stream is transmitted, received,
and delivered to a similar integrator at a remote point, the
remote integrator output is a copy of the transmitting control
loop integrator output. To the extent that the integrator at the
transmitting locations tracks the input signal, the remote
receiver reproduces the input signal. Low pass filtering at
the receiver output will eliminate most of the quantizing
noise, if the clock rate of the bit stream is an octave or more
above the bandwidth of the input signal. Voice bandwidth is
4.0 kHz and clock rates from 8.0 k and up are possible.
Thus the delta modulator digitizes and transmits the analog
input to a remote receiver. The serial, unframed nature of
the data is ideal for communications networks. With no
input at the transmitter, a continuous one zero alternation is
transmitted. If the two integrators are made leaky, then
during any loss of contact the receiver output decays to
zero and receive restart begins without framing when the
receiver reacquires. Similarly, a delta modulator is tolerant
of sporadic bit errors. Figure 12 shows the delta modulator
waveforms while Figure 13 shows the corresponding CVSD
decoder block diagram.

The Companding Algorithm
The fundamental advantages of the delta modulator are its
simplicity and the serial format of its output. Its limitations are

its ability to accurately convert the input within a limited digital

bit rate. The analog input must be band limited and amplitude
limited. The frequency limitations are governed by the
nyquist rate while the amplitude capabilities are set by the
gain of the integrator.

The frequency limits are bounded on the upper end; that
is, for any input bandwidth there exists a clock frequency
larger than that bandwidth which will transmit the signal with
a specific noise level. However, the amplitude limits are
bounded on both upper and lower ends. For a signal level,
one specific gain will achieve an optimum noise level.
Unfortunately, the basic delta modulator has a small dynamic
range over which the noise level is constant.

The continuously variable slope circuitry provides
increased dynamic range by adjusting the gain of the
integrator. For a given clock frequency and input bandwidth
the additional circuitry increases the delta modulator’s
dynamic range. External to the basic delta modulator is an
algorithm which monitors the past few outputs of the delta
modulator in a simple shift register. The register is 4-bits
long. The accepted CVSD algorithm simply monitors the
contents of the shift register and indicates if it contains all 1s
or Os. This condition is called coincidence. When it occurs, it
indicates that the gain of the integrator is too small. The
coincidence output charges a single—pole low pass filter. The
voltage output of this syllabic filter controls the integrator gain
through a pulse amplitude modulator whose other input is the
sign bit or up/down control.

The simplicity of the all 1s, all Os algorithm should not be
taken lightly. Many other control algorithms using the shift
register have been tried. The key to the accepted algorithm is
that it provides a measure of the average power or level of
the input signal. Other techniques provide more
instantaneous information about the shape of the input curve.
The purpose of the algorithm is to control the gain of the
integrator and to increase the dynamic range. Thus a
measure of the average input level is what is needed.

The algorithm is repeated in the receiver and thus the level
data is recovered in the receiver. Because the algorithm
operates only on the past serial data, it changes the nature of
the bit stream without changing the channel bit rate.

The effect of the algorithm is to compand the input signal.
If a CVSD encoder is played into a basic deita modulator, the
output of the delta modutator will reflect the shape of the input
signal but all of the output will be at an equal level. Thus the
algorithm at the output is needed to restore the level
variations. The bit stream in the channel is as if it were from
a standard delta modulator with a constant level input.

The delta modulator encoder with the CVSD algorithm
provides an efficient method for digitizing a voice input in a
manner which is especially convenient for digital
communications requirements.
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APPLICATIONS INFORMATION

CVSD DESIGN CONSIDERATIONS

A simple CVSD encoder using the MC3418 is shown in
Figure 14. This IC is a general purpose CVSD building block
which allows the system designer to tailor the encoder’s
transmission characteristics to the application. Thus, the
achievable transmission capabilities are constrained by the
fundamental limitations of delta modulation and the design of
encoder parameters. The performance is not dictated by the
internal configuration of the MC3418. There are seven
design considerations involved in designing these basic
CVSD building blocks into a specific codec application, and
they are as follows:

. Selection of clock rate

. Required number of shift register bits

. Selection of loop gain

. Selection of minimum step size

. Design of integration filter transfer function
. Design of syllabic filter transfer function

. Design of low pass filter at the receiver

NS WN =

_ The circuit in Figure 14 is the most basic CVSD circuit
possible. For many applications in secure radio or other
intelligible voice channel requirements, it is entirely sufficient.
in this circuit, items 5 and 6 are reduced to their simplest
form. The syllabic and integration filters are both single—pole
networks. The selection of items 1 through 4 govern the
codec performance.

Layout Considerations

Care should be exercised to isolate all digital signal paths
(Pins 9, 11, 13 and 14) from analog signal paths (Pins 1 to 7
and 10) in order to achieve proper idle channel performance.

Clock Rate

With minor modifications, the circuit in Figure 14 may be
operated anywhere from 9.6 to 64 kHz clock rates. Obviously
the higher the clock rate the higher the S/N performance. The
circuit in Figure 14 typically produces the S/N performance
shown in Figure 16. The selection of clock rate is usually
dictated by the bandwidth of the transmissic1 medium. Voice
bandwidth systems will require no higher than 9600 Hz.
Some radio systems will allow 12 kHz. Private 4-wire
telephone systems are often operated at 16 kHz and
commercial telephone performance can be achieved at
32 k bits and above. Other codecs may use bit rates up to
200 k bits/sec.

Shift Register Length (Algorithm)

The MC3418 has a 4-bit algorithm well suited for 32 kHz
and higher clock rates. Since the algorithm records a fixed
past history of the input signal, a longer shift register is
required to obtain the same intemnal history. At 16 kHz and
below, the 4-bit algorithm will produce a slightly wider
dynamic range at the expense of level change response.
Basically the MC3418 is intended for high performance, high
bit rate systems.

10
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Figure 16. Signal-to—Noise Performance with
Single Integration, Single—Pole and
Companding at 16 k Bits (Typical)
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Selection of Loop Gain

The gain of the circuit in Figure 14 is set by resistor Ry. Rx
must be selected to provide the proper integrator step size for
high level signals such that the companding ratio does not
exceed about 25%. The companding ratio is the active low
duty cycle of the coincidence output on Pin 11 of the codec
circuit. Thus the system gain is dependent on:

1. The maximum level and frequency of the input signal.

2. The transfer function of the integration filter.

For voice codecs the typical input signal is taken to be a
sine wave at 1.0 kHz of 0 dBmo level. In practice, the useful
dynamic range extends about 6.0 dB above the design level.
In any system the companding ratio should not exceed 30%.

To calculate the required step size current, we must
describe the transfer characteristics of the integration filter. in
the basic circuit of Figure 14, a single—pole of 160 Hz is used.

R1 =10 kQ, C1 = 0.1 pF
Vo _ 1 __ K
o S+,

10% = 0 =2 nf
f =159.2 Hz
Note that the integration filter produces a single—pole

response from 300 to 3.0 kHz. The current required to move
the integrator output a specific voltage from zero is simply:

v dv
_ Vo o
=R (01 X 4t )

Now a 0 dBmo sine wave has a peak value of 1.0954 V. In
1/8 of a cycle of a sine wave centered around the zero
crossing, the sine wave changes by approximately its peak
value. The CVSD step should trace that change. The
required current for a 0 dBm 1.0 kHz sine wave is:

_ _ 11V 0.1 pF (1.1) _
= ook ¥ 0iBms OO MA

* The maximum voltage across R1 when maximum slew is
required is:
11V
2
Now the voltage range of the syllabic filter is the power
supply voltage, thus:

_ 1
Ry =025 (VCC) 0.935 mA
A similar procedure can be followed to establish the proper
gain for any input level and integration filter type.

Minimum Step Size

The final parameter to be selected for the simple codec in
Figure 14 is idle channel step size. With no input signal, the
digital output becomes a one-zero alternating pattern and
the analog output becomes a small triangle wave.
Mismatches of internal currents and offsets limit the minimum
step size which will produce a perfect idle channel pattern.
The MC3418 is tested to ensure that a 20 mVpp minimum
step size at 16 kHz will attain a proper idle channel. The idle
channel step size must be twice the specified total loop offset
if a one—zero idle pattern is desired. In some applications a
much smaller minimum step size (e.g., 0.1 mV) can produce
quiet performance without providing a 1 — 0 pattern.

To set the idle channel step size, the value of Rmjn mustbe
selected. With no input signal, the slope control algorithm is
inactive. A long series of ones or zeros never occurs. Thus,
the voltage across the syllabic filter capacitor (Cg) would
decay to zero. However, the voltage divider of Rg and Rmin
(see Figure 14) sets the minimum allowedVoltage across the
syllabic filter capacitor. That voltage must produce the
desired ramps at the analog output. Again we write the filter
input current equation:

b= 20 Cdvo
i~ R1

For values of Vo near Vg/2 the Vo/R term is negligible;
thus:

AVO

AT
where AT is the clock period and AVQ is the desired
peak-to—peak value of the idle output. For a 16 k bit system
using the circuit in Figure 14:

I, = Cg

_01uF20mV .
l 625 Us 33 pA

The voltage on Cg which produces a 33 pA current is
determined by the value of Ry.
LRy = Vgmin; for 33 pA, Vgmin = 41.6 mV

In Figure 14 Rg is 18 kQ. That selection is discussed with
the syllablc filter considerations. The voltage divider of RS
and Rm,n must produce an output of 41.6 mV.

R
Voo oS
CC RS + Roin

Having established these four parameters — clock rate,
number of shift register bits, loop gain, and minimum step
size — the encoder circuit in Figure 14 will function at near
optimum performance for input levels around 0 dBm.

= Vsmin Rmin= 2.4 MQ

12
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INCREASING CVSD PERFORMANCE

Integration Filter Design

The circuit in Figure 14 uses a single—pole integration
network formed with a 0.1 uF capacitor and a 10 kQ resistor.
It is possible to improve the performance of the circuit in
Figure 14 by 1.0 or 2.0 dB by using a two—pole integration
network. The improved circuit is shown in Figure 17.

The first pole is still placed below 300 Hz to provide the 1/S
voice content curve and a second pole is placed somewhere
above the 1.0 kHz frequency. For telephony circuits, the
second pole can be placed above 1.8 kHz to exceed the
1633 touchtone frequency. In other communication systems,
values as low as 1.0 kHz may be selected. In general, the
lower in frequency the second pole is placed, the greater the
noise improvement. Then, to ensure the encoder loop
stability, a zero is added to keep the phase shift less than
180°. This zero should be placed slightly above the low-pass
output filter break frequency so as not to reduce the
effectiveness of the second pole. A network of 235 Hz,
2.0 kHz, and 5.2 kHz is typical for telephone applications
while 160 Hz, 1.2 kHz, and 2.8 kHz might be used in voice
only channels. (Voice only channels can use an output
low—pass filter which breaks at about 2.5 kHz.) The two—pole
network in Figure 17 has a transfer function of:

,\_,_Q__ ROR1(S+ R1C1)
T
1 1
R2C2(RO + R1) (s + (R0+R1)C1)s + (chz)
Figure 17. Improved Filter Configuration
IE
Analog R2 7
Output ' O
600
2 MC3418
0.15 uF
I O\
ik R1_600 6
= »——«M———{Hv
RO 0.1 uF
13k

NOTE: These component values are for the telephone channel
circuit poles described in the text. The R2, C2 product can
be provided with diferent values of R and C. R2 should be
chosen to be equal to the termination resistor on Pin 1.
Thus the two poles and the zero can be selected arbitrarily

as long as the zero is at a higher frequency than the first pole.

The values in Figure 17 represent one implementation of the -

telephony filter requirement.

The selection of the two—pole filter network affects the
selection of the loop gain value and the minimum step size
resistor. The required integrator current for a given change in
voltage now becomes:

Y
L 20 +(R2C2 4+ BiCt

i~ Ro RO T RO +

AV,
R1C1 -0
ro1) o

AV 2
R1C1R2C2 0]
(RZCZC1 + RO ) AT2

The calculation of desired gain resistor Ry then proceeds
exactly as previously described.

Syllabic Filter Design

The syllabic filter in Figure 14 is a simple single-pole
network of 18 kQ and 0.33 pF. This produces a 6.0 ms time
constant for the averaging of the coincidence output signal.
The voltage across the capacitor determines the integrator
current which in tum establishes the step size. The integrator
current and the resulting step size determine the companding
ratio and the S/N performance. The companding ratio is
defined as the voltage across Cs/VcG.

The S/N performance may be improved by modifying the
voltage to current transformation produced by Ry. If different
portions of the total Ry are shunted by diodes, the integrator
current can be other than (Vg — Vg)/Ry. These breakpoint
curves must be designed experimentally for the particular
system application. In general, one would wish that the
current would double with input level. To design the desired
curve, supply current to Pin 4 of the codec from an external
source. Input a signal level and adjust the current until the
S/N performance is optimum. Then record the syliabic filter
voltage and the current. Repeat this for all desired signal
levels. Then derive the resistor diode network which
produces that curve on a curve tracer.

Once the network is designed with the curve tracer, it is
then inserted in place of Ry in the circuit and the forced
optimum noise performance will be achieved from the active
syllabic algorithm.

Diode breakpoint networks may be very simple or
moderately complex and can improve the usable dynamic
range of any codec. In the past they have been used in high
performance telephone codecs.

Typical resistor—diode networks are shown in Figure 18.

Figure 18. Resistor—Diode Networks

R1 R2 R3

D1 D2 D3

Rt R2
—\M———0

D1

If the performance of more complex diode networks is
desired, the circuit in Figure 19 should be used. It simulates
the companding characteristics of nonlinear Ry elements ina
different manner.

Output Low Pass Filter

A low pass filter is required at the receiving circuit output to
eliminate quantizing noise. In general, the lower the bit rate,
the better the filter must be. The filter in Figure 21 provides
excellent performance for 12 to 40 kHz systems.

MOTOROLA ANALOG IC DEVICE DATA
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TELEPHONE CARRIER QUALITY CODEC

Two specifications of the integrated circuit are specifically
intended to meet the performance requirements of
commercial telephone systems. First, slope polarity switch
current matching is laser trimmed to guarantee proper idle
channel performance with 5.0 mV minimum step size and a
typical 1.0% current match from 15 pA to 3.0 mA. Thus a 300
to 1 range of step size variation is possible. Second, the
MC3418 provides the 4-bit algorithm currently used in
subscriber loop telephone systems. With these specifications
and the circuit of Figure 19, a telephone quality codec can be
mass produced.

The circuit in Figure 19 provides a 30 dB S/Nc ratio over
50 dB of dynamic range for a 1.0 kHz test tone at a 37.7 k
bit rate. At 37.7 k bits, 40 voice channels may be
multiplexed on a standard 1.544 MB T1 facility. This codec
has also been tested for 10—7 error rates with asynchronous
and synchronous data up to 2400 baud and for reliable
performance with DTMF signaling. Thus, the design is
applicable in telephone quality subscriber loop carrier
systems, subscriber loop concentrators, and small PABX
installations.

The Active Companding Network

The unique feature of the codec in Figure 19 is the step
size control circuit which uses a companding ratio reference,
the present step size, and the present syllabic filter output to
establish the optimum companding ratios and step sizes for
any given input level. The companding ratio of a CVSD codec
is defined as the duty cycle of the coincidence output. It is the
parameter measured by the syllabic filter and is the voltage
across Cg divided by the voltage swing of the coincidence
output. In Figure 19, the voltage swing of Pin 11 is 6.0 V. The
operating companding ratio is analoged by the voltage
between Pins 10 and 4 by means of the virtual short across
Pins 3 and 4 of the V to | op amp within the integrated circuit.
Thus, the instantaneous companding ratio of the codec is
always available at the negative input of A1.

The diode D1 and the gain of A1 and A2 provide a
companding ratio reference for any input level. If the output of
A2 is more than 0.7 V below V¢ /2, then the positive input of
A1 is (Vcc/2 - 0.7). The on diode drop at the input of A1
represents a 12% companding ratio (12% = 0.7 V/6.0 V).

The present step size of the operating codec is directly
related to the voltage across Ry, which established the
integrator current. In Figure 19, the voltage across Ry is
amplified by the differential amplifier A2 whose output is
single ended with respect to Pin 10 of the IC.

For large signal inputs, the step size is large and the
output of A2 is lower than 0.7 V. Thus D1 is fully on. The
present step size is not a factor in the step size control.
However, the difference between 12% companding ratio and

the instantaneous companding ratio at Pin 4 is amplified by
A1. The output of A1 changes the voltage across Ry in a
direction which reduces the difference between the
companding reference and the operating ratio by changing
the step size. The ratio of R4 and R3 determines how closely
the voltage at Pin 4 will be forced to 12%. The selection of R3
and R4 is initially experimental. However, the resulting
companding control is dependent on Ry, R3, R4, and the full
diode drop D1. These values are easy to reproduce from
codec to codec.

For small input levels, the companding ratio reference
becomes the output of A2 rather than the diode drop. The
operating companding ratio on Pin 4 is then compared to a
companding ratio smaller than 12% which is determined by
the voltage drop across Ry and the gain of A2 and A1. The
gain of A2 is also experimentally determined, but once
determined, the circuitry is easily repeated.

With no input signal, the companding ratio at Pin 4 goes
to zero and the voltage across Ry goes to zero. The voltage
at the output of A2 becomes zero since there is no drop
across Ryx. With no signal input, the actively controlled step
size vanished.

The minimum step size is established by the 500 k
resistor between Vg and Pin 4 and is therefore
independently selectable.

The signal to noise results of the active companding
network are shown in Figure 20. A smooth 2.0 dB drop is
realized from 12 dBm to —24 under the control of Al. At
—24 dBm, A2 begins to degenerate the companding
reference and the resulting step size is reduced so as to
extend the dynamic range of the codec by 20 dBm.

The slope overload characteristic is also shown. The
active companding network produces improved performance
with frequency. The 0 dBm slope overload point is raised to
4.8 kHz because of the gain available in controlling the
voltage across Ry. The curves demonstrate that the level
linearity has been maintained or improved.*

The codec in Figure 19 is designed specifically for
37.7 k bit systems. However, the benefits of the active
companding network are not limited to high bit rate systems.
By modifying the crossover region (changing the gain of A2),
the active technique may be used to improve the
performance of lower bit rate systems.

The performance and repeatability of the codec in
Figure 19 represents a significant step forward in the art and
cost of CVSD codec designs.

*A larger value for C2 is required in the decoder circuit than in the
encoder to adjust the level linearity with frequency. in Figure 19,
0.050 puF would work well.
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Figure 19. Telephone Quality Deltamod Coder*
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"Showing the improvement realized with the circuit in Figure 19.
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Figure 20. Signal-to-Noise Performance and Frequency Response*
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(b) Frequency Response versus Input Level
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Figure 21. High Performance Elliptic Filter for CVSD Output
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Figure 22, Full Duplex/32 k Bit CVSD Voice Codec
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Codec Components Input Filter Specifications Filter Components
Rx1, Rx2 —3.3kQ 12 dB/Octave Rolloff above 3.3 kHz R1-965Q C1-3.3pF
Rp1, Rp2 - 3.3kQ 6.0 dB/Octave Rolloff below 50 Hz R2-72 kQ C2-837pF
Rs1, Rg2 - 100 kQ Output Filter Specifications R3-72kQ C3 -536 pF
'Y R)1, Rj2 - 20 kQ Break F 33k R4 — 63.46 kQ C4 - 1000 pF
Ryp - 1.0 kQ reak Frequency — 3.3 kHz RS — 127 kQ C5 - 222 pF
N . Stop Band - 9.0 kHz R6 - 365.5 kQ C6-7TpF
Rm1, Rm2 - 15 MQ Stop Band Atten. — 50 dB R7 — 1.645 MQ 07 — 38 bF
& Minimum step size = 6.0 mV Rolloff —> 40 dB/Octave RS _ 72 KO o8 837p e
- -837p
Cs1. Cg2—~0.05uF R -72kQ C9 - 536 pF
Ci1, Ci2-0.05uF R10-2950
2 MC3418 R11 -72kQ
1 MC3403 (or MC3406)
NOTE: All Res. 0.1% to 1%
NOTE: All Res. 5% All Cap. 0.1%
All Cap. 5%
i
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MC3418
COMPARATIVE CODEC PERFORMANCE

The salient feature of CVSD codecs is versatility. The
range of codec complexity tradeoffs and bit rate is so wide
that one cannot grasp the interdependency of parameters for
voice applications in a few pages.

Design of a specific codec must be tailored to the digital
channel bandwidth, the analog bandwidth, the quality of
signal transmission required, and the cost objectives. To
illustrate the choices available, the data in Figure 23
compares the signal-to—noise ratios and dynamic rangde of
various codec design options at 32 k bits. Generally, the
relative merits of each design feature will remain intact in any
application. Lowering the bit rate will reduce the dynamic

,range and noise performance of all techniques. As the bit rate
is increased, the overall performance of each technique will
improve and the need for more complex designs diminishes.

Non-voice applications of the MC3418 are also possible.
In those cases, the signal bandwidth and amplitude
characteristics must be defined before the specification of
codec parameters can begin. However, in general, the
design can proceed along the lines of the voice applications
shown here, taking into account the different signal
bandwidth requirements.

Figure 23. Comparative Codec Performance —
Signal-to—Noise Ratio for 1.0 kHz Test Tone
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NOTE: These curves demonstrate the improved performance obtained
with several codec designs of varying complexity.

Curve a— Complex companding and double integration (Figure 19)
Curve b — Double integration (Figure 14 using Figure 17)
Curve c — Single integration (Figure 14) with 6.0 mV stepsize
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Features

* Compatible with MCS-51™ Products

* 4K Bytes of In-System Reprogrammable Flash Memory
— Endurance: 1,000 Write/Erase Cycles

* Fully Static Operation: 0 Hz to 24 MHz

* Three-Level Program Memory Lock

* 128 x 8-Bit Internal RAM

* 32 Programmable I/O Lines

* Two 16-Bit Timer/Counters

* Six Interrupt Sources

* Programmable Serial Channel

* Low Power ldle and Power Down Modes

Description

The AT89C51 is a low-power, high-performance CMOS 8-bit microcomputer with 4K
bytes of Flash Programmable and Erasable Read Only Memory (PEROM). The
device is manufactured using Atmel’s high density nonvolatile memory technology
and is compatible with the industry standard MCS-51™ instruction set and pinout. The
on-chip Flash allows the program memory to be reprogrammed in-system or by a con-

ventional nonvolatile memory programmer. By combining a versatile 8-bit CPU with -

Flash on a monolithic chip, the Atmel AT89C51 is a powerful microcomputer which
provides a highly flexible and cost effective solution to many embedded control appli-
cations.

(continued)
. . .
Pin Configurations PDIP
P1.0 ] 1 U4o:vcc
P1.1C} 2 39 b Po.0 (ADO)
P1.2} 3 3s 1 Po.1 (ADY1)
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P1.scle 35 |1 P0.4 (AD4)
Pi.e 7 34 1 PO.5 (ADS)
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PQFP/TQFP (TXD) P3.1 ] 11 30 2 ALE/PROG
sroaao (TNTD) P3.2[] 12 29 1 PSEN
oooo (TRTT) P3.3 | 13 28 [ P2.7 {(A15)
Lxz= (To) P3.4C]| 14 27 b P2.6 (A14)
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reftooocaana RsTCl10 36[1P0.7 (AD7)
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s A T89C51

The AT89C51 provides the following standard features: 4K
bytes of Flash, 128 bytes of RAM, 32 I/O lines, two 16-bit
timer/counters, a five vector two-level interrupt architecture,
a full duplex serial port, on-chip oscillator and clock cir-
cuitry. In addition, the AT89C51 is designed with static logic
for operation down to zero frequency and supports two
software selectable power saving modes. The Idle Mode
stops the CPU while allowing the RAM, timer/counters,
serial port and interrupt system to continue functioning. The
Power Down Mode saves the RAM contents but freezes
the oscillator disabling ail other chip functions until the next
hardware reset.

Pin Description

Vee

Supply voltage.
GND

Ground.

Port 0

Port 0 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 low-
order address/data bus during accesses to external pro-
gram and data memory. In this mode PO has internal pul-
lups.

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

Port 1

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

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

Port 2

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 1s are written to Port 2 pins they are pulled high by
the internal pullups and can be used as inputs. As inputs,
Port 2 pins that are externally being pulled low will source
current (I ) because of the internal pullups.

Port 2 emits the high-order address byte during fetches
from external program memory and during accesses to
external data memory that use 16-bit addresses (MOVX @
DPTR). In this application it uses strong internal pullups

AImEY

when emitting 1s. During accesses to external data mem-
ory that use 8-bit addresses (MOVX @ RI), Port 2 emits the
contents of the P2 Special Function Register.

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

Port 3

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

Port 3 also serves the functions of various special features
of the AT89C51 as listed below:

Port Pin Alternate Functions

P3.0 RXD (serial input port)

P3.1 TXD (serial output port)

P3.2 INTO (external interrupt 0)

P3.3 INTT (external interrupt 1)

P3.4 TO (timer O external input)

P3.5 T1 (timer 1 external input)

P3.6 WR (external data memory write strobe)
P3.7 RD (external data memory read strobe)

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

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

ALE/PROG

Address Latch Enable 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 tim-
ing or clocking purposes. Note, however, that one ALE
pulse is skipped during each access to extemal Data Mem-
ory.

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

PSEN
Program Store Enable is the read strobe to external pro-
gram memory.
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When the AT89C51 is executing code from external pro-
gram memory, PSEN is activated twice each machine

cycle, except that two PSEN activations are skipped during
each access to external data memory.

EA/Vpp

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

EA should be strapped to V¢ for internal program execu-
tions.

This pin also receives the 12-volt programming enable volt-
age (Vpp) during Flash programming, for parts that require
12-volt Vpp.

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

XTAL2
Output from the inverting oscillator amplifier.

Oscillator Characteristics

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

Idle Mode

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

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

Figure 1. Oscillator Connections

Cc2
—)l——I—- XTAL2
]
C1
*—) XTAL1 -
i GND

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

= 40 pF * 10 pF for Ceramic Resonators

Figure 2. External Clock Drive Configuration

NC —— 1 XTAL2
EXTERNAL
OSCILLATOR XTAL1
SIGNAL

Status of External Pins During Idle and Power Down Modes

Mode Program Memory ALE PSEN PORTO PORT1 PORT2. PORT3

Idle Internal 1 1 Data Data Data Data

Idle External 1 1 Float Data Address Data

Power Down Internal 0 0] Data Data Data Data

Power Down External Float Data Data Data
4-32
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Power Down Mode

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

Lock Bit Pfotection Modes

Program Memory Lock Bits

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

When lock bit 1 is programmed, the logic level at the EA pin
is sampled and latched during reset. If the device is pow-
ered up without a reset, the latch initializes to a random
value, and holds that value until reset is activated. It is nec-
essary that the latched value of EA be in agreement with
the current logic level at that pin in order for the device to
function properly.

Program Lock Bits Protection Type
LB1 LB2 LB3

1 u U u No program lock features.

2 P U U MOVC instructions executed from external program memory are disabled from fetching ctde
bytes from internal 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, also external execution is disabled.

Programming the Flash

The AT89C51 is normally shipped with the on-chip Flash
memory 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
(Vce) program enable signal. The low voltage program-
ming mode provides a convenient way to program the
AT89C51 inside the user's system, while the high-voltage
programming mode is compatible with conventional third
party Flash or EPROM programmers.

The AT89C51 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.

VPP = 12V va = 5V
Top-Side Mark AT89C51 AT89C51
XXXX XXXX-5
yyww yyww
Signature (030H)=1EH (030H)=1EH
(031H)=51H (031H)=51H
(032H)=FFH (032H)=05H

The AT89C51 code memory array is programmed byte-by-
byte in either programming mode. 7o program any non-
blank byte in the on-chip Flash Memory, the entire memory
must be erased using the Chip Erase Mode.

AIMEL

Programming Algorithm: Before programming the

AT89C51, 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 AT89C51, take the follow-

ing 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 to 12V for the high-voltage programming
mode.

5. Pulse ALE/PROG once to program a byte in the Flash
array 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 AT89C51 features Data Polling to indi-
cate the end of a write cycle. During a write cycle, an
attempted read of the last byte written will result in the com-
plement of the written datum on PQO.7. Once the write cycle

has been completed, true data are valid on all outputs, and
the next cycle may begin. Data Polling may begin any time
after a write cycle has been initiated.

Ready/Busy: The progress of byte programming can also
be monitored by the RDY/BSY output signal. P3.4 is pulled
low after ALE goes high during programming to indicate
BUSY. P3.4 is pulled high again when programming is
done to indicate READY.
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Program Verify: If lock bits LB1 and LB2 have not been
programmed, the programmed code data can be read back
via the address and data lines for verification. The lock bits
cannot be verified directly. Verification of the lock bits is
achieved by observing that their features are enabled.

Chip Erase: The entire Flash array is erased electrically
by using the proper combination of control signals and by
holding ALE/PROG low for 10 ms. The code array is 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,

031H, and 032H, except that P3.6 and P3.7 must be puiled
to a logic low. The values retumed are as follows:

(030H) = 1EH indicates manufactured by Atmel
(031H) = 51H indicates 89C51

(032H) = FFH indicates 12V programming
(032H) = 05H indicates 5V programming

Programming Interface

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

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

Flash Programming Modes

Mode RST PSEN ALE/PROG EA/Vpp | P26 | P27 | P3.6 | P3.7
Write Cbde Data H L H/12v L H H H
-~
Read Code Data H L H H
Write Lock Bit- 1 H L H/12v H H
v
Bit- 2 H L HA2V H H L L
—~
Bit- 3 H L HH2v H L H L
—\._/—
Chip Erase H L ) H/2v H L L L
—~
Read Signature Byte H L H H L L L L
Note: 1. Chip Erase requires a 10-ms PROG pulse.
§
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Figure 3. Programming the Flash

AT89C51

Figure 4. Verifying the Flash

+5V +5V
AT89C51 ‘—T AT89C51 —T
ooo%?q?gm::o oy P o Ooo;g:ag#F:O e " [ Pem o
s AT P20 P23 PO e— g%'\ Nre P20 - P23 PO |-» LUUSLIIE_ Jgg)
—>» P26 —>»| P26
SEE FLASH —» P27 ALE ¢—— PROG SEE FLASH —>» P27 ALE |«
PROGRAMMIN PROGRAMMIN
MODES TABLE | —» P3.6 MODES TABLE | —»| P3.6 I
—» P3.7 —> P37
—o——— XTAL2 EA [&— V, Vo XTAL2 EA |¢
324 MHz | L 324 MHz | L
] L]
T
XTAL1 RST l&—— V,, XTAL1 RST j4——— V,,
GND PSEN GND PSEN
1 1
Flash Programming and Verification Characteristics
Tpo=0°Cto70°C, Vo = 5.0+ 10%
Symbol Parameter Min Max Units
Vppll) Programming Enable Voltage 11.5 12.5 \Y
Ipp(" Programming Enable Current 1.0 mA
el Oscillator Frequency 3 24 MHz
tavaL Address Setup to PROG Low 48tc oL
taHAX Address Hold After PROG 48t oL
tove Data Setup to PROG Low 48tc oL
taHDX Data Hold After PROG 48tci oL
teHsH P2.7 (ENABLE) High to Vpp 48t oL
tsHGL Vpp Setup to PROG Low 10 us
terd M Vpp Hold After PROG 10 us
taLgH PROG Width 1 110 us
tavav Address to Data Valid 48tc oL
teLav ENABLE Low to Data Valid 48tc oL
tenaz Data Float After ENABLE 0 48tcicL
taHBL 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.
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Flash Programming and Verification Waveforms - High Voltage Mode (\bp = 12V)

PROGRAMMING VERIFICATION
P1.0 - P1.7 L
P20 - P2.3 ADDRESS —Af ADDRESS
f_ tavav
PORT 0 DATA IN - ( DATA OUT D—m—
» tovaL  torox :
tavar ¢ +— tohax
ALE/PROG
tsHaL
EANp

P2.7 M
(ENABLE)
taHeL —
P3.4
(RDY/BSY) BUSY \ READY
twe

Flash Programming and Verification Waveforms - Low Voitage Mode (\bp = 5V)

P10 - P1.7 PROGRAMMING VERIFICATION
. - - j
P2.0 - P2.3 ADDRESS ﬁjF ADDRESS
r‘ tAVQV
PORT O DATA IN ( DATA OUT p———
tovar  tarox
tAVGL M M tGHAX
ALE/PROG
t <
-4 SHGL *—leLaH—]
_ LOGIC 1
EA/Vpp W e XOGICO |
1 - t
P2.7 EHSH : teLqv — EHQZ
(ENABLE)
© o tghe %
P3.4
(RDY/BSY) BUSY f’ READY
’ twe
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Absolute Maximum Ratings*

Operating Temperature............o..ovweeeeeveen. -55°C to +125°C *NOTICE:
Storage Temperature .........ccccoeeevveervreeireenenins -65°C to +150°C

Voltage on Any Pin

with Respect to Ground...........covevevveveerecrnnns -1.0Vto +7.0V

Maximum Operating Voltage...........cc.ccccorververvsrerceenen. 6.6V

DC Output CUITENL ..ottt s nns 15.0 mA

DC Characteristics

Tp =-40°C to 85°C, Vi = 5.0V £ 20% (unless otherwise noted)

Stresses beyond those listed under “Absolute
Maximum Ratings” may cause permanent dam-
age to the device. This is a stress rating only and
functional operation of the device at these or any
other conditions beyond those indicated in the
operational sections of this specification is not
implied. Exposure to absolute maximum rating
conditions for extended periods may affect device
reliability.

Symbol Parameter Condition Min Max Units
Vi Input Low Voltage (Except EA 05 0.2 Vg - 0.1 \Y
Vi Input Low Voltage (EA) -0.5 0.2 Vgc- 0.3 \Y
Viy Input High Voltage (Except XTAL1, RST) 0.2 Vee+ 0.9 Vee+ 0.5 \
Vi1 Input High Voltage (XTAL1, RST) 0.7 \&¢ Vee+ 0.5 \
VoL Output Low Voltage( (Ports 1,2,3) | Io,= 1.6 mA 0.45 v
Vous Output Low Voltage” loL =3.2mA 0.45 v
(Port 0, ALE, PSEN
Vou Output High Voltage lon = -60 HA, Voo = 5V + 10% 24 \Y
(Ports 1,2,3, ALE, PSEN) lops = 25 A 0.75 Ve Vv
loy=-10pA 0.9 Ve \Y
Vo1 Output High Voltage lon = -800 pA, Voe =5V + 10% 24 \
(Port 0 in External Bus Mode) lops = -300 A 0.75 Ve v
lon = -80 A 0.8 Voo '
" Logical 0 Input Current (Ports 1,2,3) My = 0.45V -50 HA
Iy, Logical 1 to 0 Transition Current Vin=2V,VCC =5V +10% -650 HA
(Ports 1,2,3)
L Input Leakage Current (Port 0, EA) 0.45 <y < Vge +10 nA
RRST Reset Pulldown Resistor 50 300 KQ
Cio Pin Capacitance Test Freq. = 1 MHz, | = 25°C 10 pF
lee Power Supply Current Active Mode, 12 MHz 20 mA
Idle Mode, 12 MHz 5 mA
_Power Down Mode Vee =6V 100 BA
Ve =3V 40 pA
Notes: 1. Under steady state (non-transient) conditions, loL must be externally limited as follows:

Maximum I, per port pin: 10 mA
Maximum I, per 8-bit port:

Port 0: 26 mA

Ports 1,2, 3: 15 mA
Maximum total Ig for all output pins: 71 mA

If loL exceeds the test condition, Vg, may exceed the related s

than the listed test conditions.
2. Minimum Ve for Power Down is 2V.

AImEL

pecification. Pins are not guaranteed to sink current greater
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AC 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

Symbol Parameter .12 MHz Oscillator 16 to 24 MHz Oscillator Units
Min Max Min Max
Mool Oscillator Frequency 0 24 MHz
tLHLL ALE Pulse Width 127 2t cL-40 ns
taviL Address Valid to ALE Low 43 toLoL-18 ns
tLLax Address Hold After ALE Low 48 toLcL-20 ns
tLuv ALE Low to Valid Instruction In 233 4t cL-65 ns
tpL ALE Low to PSEN Low 43 toLcL-13 ns
toLpH PSEN Pulse Width 205 3ter oL -20 ns
toyv PSEN Low to Valid Instruction In 145 3te cL-45 ns
trxix input Instruction Hold After PSEN 0 0 ns
texiz Input Instruction Float After PSEN 59 . toLcL-10 ns
texav PSEN to Address Valid 75 toLcL-8 ns
taviv Address to Valid Instruction In 312 StoLcL-55 ns
toaz PSEN Low to Address Float 10 10 ns
taLRH RD Pulse Width 400 6tccL-100 ns
twiwH WR Pulse Width . 400 BtoLcL-100 ns
taLov RD Low to Valid Data In 252 5teLcL-90 ns
taHox Data Hold After RD 0 0 ns
tRHoZ Data Float After RD 97 2t cL-28 ns
tLov ALE Low to Valid Data In 517 8tcLcL-150 ns
tavov Address to Valid Data In 585 OtoLcL-165 ns
twe ALE Low to RD or WR Low 200 300 3teLcL-50 3to oL +50 ns
tavwi Address to RD or WR Low 203 Aty cL-75 ns
tavwx Data Valid to WR Transition 23 toLoL-20 ns
toviwn Data Valid to WR High 433 TtoLoL-120 ns
twHax Data Hold After WR 33 toLoL20 ~ns
taLaz RD Low to Address Float 0 0 ns
twHLH RD or WR High to ALE High 43 123 torcL-20 toLcL+25 ns
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” External Program Memory Read Cycle

¢

|
f
|

t, — >
ALE JE \ R
M teLpn
tavie e tuv
— lup je—
PSEN : teuv t
PXA
tLLAX _’{ tPLAZ tPXIZ
texix F—
PORT 0 > A0 - A7 i INSTRIN D> A0-A7T >
< taviv —— >
PORT 2 X A8 - A15 X A8-At5

External Data Memory Read Cycle

tLHLL_"
ALE .
— WHLH
PSEN
tLLDV /
e— tRLRH —»]
— tw ——>
RD et ax —» \——t——/ t
< RLDV  [¢—» 'RHDZ
e— tavi —» taiaz > .
—>» e lRHDX
PORT 0 _ >KA0 - A7 FROM RI OR DPL) DATA IN>>>XA0 - A7 FROM PCL>< INSTR IN
tavwi >
tavov —
* PORT 2 X P2.0 - P27 OR A8 - A15FROM DPH X A8 - A15 FROM PCH
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¥
External Data Memory Write Cycle
e
ALE 4: N
- twhLH

PSEN ‘ yd

e twe —>le— by —

e %
-
WR —t Lax
le— tay L —»] tavwx - — 1+ twhox
— tovwn —»]

DATA OUT X A0 - A7 FROM PCL>—<INSTR IN

PORT 0 __ > A0 - A7 FROM RI OR DPL

tAVWL >

A8 - A15 FROM PCH

PORT 2 X P20 - P27 OR A8 - A15 FROM DPH X

. Exterpal Clock Drive Waveforms

—— topex —
Terex teren —* - - *+— toueL
Voo - 0.5V )
0.7 Ve X —
0.2 Voo - 0.1V N £
0.45V L
— loiox —

telel

% External Clock Drive

Symbol Parameter Min Max Units
1MeLoL Oscillator Frequency 0 24 MHz
foLeL Clock Period 41.6 ns
toHex High Time 15 ns
toLck Low Time 15 ns
tcLcH Rise Time 20 ns
tondL Fall Time 20 ns
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" Serial Port Timing: Shift Register Mode Test Conditions
(Voc = 5.0V £20%,; Load Capacitance = 80 pF)

Symbol Parameter 12 MHz Osc Variable Oscillator Units
Min Max Min Max

txLxL Serial Port Clock Cycle Time 1.0 12tcLcL us

tavxH Output Data Setup to Clock Rising Edge . 700 10tg c-133 ns

txHax Output Data Hold After Clock Rising Edge 50 2toLoL-117 ns

txHOX Input Data Hold After Clock Rising Edge 0 0 ns

txHOV Clock Rising Edge to Input Data Valid 700 10tg ¢ -133 ns

Shift Register Mode Timing Waveforms

~ INSTRUCTION (¢} 1 2 3 ! | ! |
5 IsNglinisliniislisNaisisisNelnNaliniisintinlis
ALE -

CcLock 1 | D O O
fovx — |<—txnlox
WRITE TO SBUF N0 [ X1 X2 X 3 X a2 X5 X 8 X 7
, OUTPUT DATA t " [+ baox SET TI
’ xHDv‘—’l
, cus:xn RI

INPUT DATA

AC Testing Input/Output Waveforms'!)  Float Waveforms(")

Vo~ 0.5V 0.2 Vg + 0.9V o” OV
TEST POINTS VLOAD Tlming Reference
v v o1y Points
0.45V 0.2 cc " 0. VLOAD- d VOL* 0.1V
Note: 1. AC Inputs during testing are driven at Vo - 0.5V for  Note: 1. For timing purposes, a port pin is no longer floating
alogic 1 and 0.45V for a logic 0. Timing measure- when a 100 mV change from load voltage occurs. A
ments are made at V), min. for a logic 1 and V_ port pin begins to float when 100 mV change from
max. for a logic 0. the loaded Vo/V_ level occurs.
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Ordering Information

ATmEL

Speed Power
(MH2) Supply Ordering Code Package Operation Range
12 5V +20% AT89C51-12AC 44A Commercial
AT89C51-12JC 44) (0°C to 70°C)
AT89C51-12PC 40P6
AT89C51-12QC 44Q
AT89C51-12Al 44A Industrial
AT89C51-12J1 44) (-40°C to 85°C)
AT89C51-12PI 40P6
AT89C51-12QI 44Q
AT89C51-12AA 44A Automotive
AT89C51-12JA 44 (-40°C to 105°C)
7 AT89C51-12PA 40P6
4 AT89C51-12QA 44Q
16 5V +20% AT89C51-16AC 44A Commercial
AT89C51-16JC 44) (0°C to 70°C)
AT89C51-16PC 40P6
AT89C51-16QC 44Q
AT89C51-16Al 44A Industrial
AT89C51-16J! 44 (-40°C to 85°C)
AT89C51-16PI 40P6
AT89C51-16Q) 44Q
AT89C51-16AA 44A Automotive
AT89C51-16JA 44) (-40°C to 105°C)
AT89C51-16PA 40P6
AT89C51-16QA 44Q
20 5V +20% AT89C51-20AC 44A Commercial
AT89C51-20JC 44 (0°C to 70°C)
%» r AT89C51-20PC 40P6
AT89C51-20QC 44Q
AT89C51-20Al 44A Industrial
AT89C51-20JI 44) (-40°C to 85°C)
AT89C51-20P! 40P6
AT89C51-20Ql 44Q
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‘Ordering. Information

Speed Power
(MHZz) Supply Ordering Code Package Operation Range
24 5V +20% AT89C51-24AC 44A Commercial
AT89C51-24JC 444 {(0°C to 70°C)
AT89C51-24PC 44P6
AT89C51-24QC 44Q
( AT89C51-24Al 44A Industrial
AT89C51-24J1 44J (-40°C to 85°C)
AT89C51-24P1 44P6
AT89C51-24Ql 44Q
2
®
N
L Package Type
44A 44 Lead, Thin Plastic Gull Wing Quad Flatpack (TQFP)
44J 44 Lead, Plastic J-Leaded Chip Carrier (PLCC)
40P6 40 Lead, 0.600” Wide, Plastic Dual Inline Package (PDIP)
44Q 44 Lead, Plastic Gull Wing Quad Flatpack (PQFP)

AIMEL
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