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INTRODUCTION,

This design project 18 largstly a practical demonstration of
oo ATy Packst spEach system !"é*:'!&l'd less of the pachkel natwari 1T
FUMTES O

The principle of packet speech is5 auite simnl e, Ar analog

signal.such as sepe=chs i converted to a digital format uging &
A0 converter. The digital information is than stored in &
buffey  until a tpacket" of inforhation has besn built. This
infarhation "is  then transferred &t high Bpeed OVEr SO b

pandw; dth  Packet system to a receiver station. ETHERNET for

#

SHBME LS, transfers the data aﬁ 1P mes/bite per second. AL the
r@ceiviné statiorn:s the information is dumped it anoather huyffer

and  then “unpacked” at the rate it WAS ariginally "packed A&t

The unpack. information is o next sent to & D/0. The analos signa!

from the /A is then filtered, amplifiéa‘and becones availabla
Tt the FEceiver.

Whits there is & Slight delays the roceiver should not be
able to notice any interuption in the signat he Feoei Ve,

Packet spesch offers several patent i al advantases over
Lraditional telecommﬁnitation systems. For sxampl@, human spesch
generally oCoures in bursts and packet systams handte this tyes
oFf traffic both efficientiy angzeffectiva!yf Packet spoech makes
more  effieient use of avaitable channel bandwidth comparad o
most mystems in USe, Information rovting is simpiifisd and
grsatly redyces the hardware and Wiring used by conventional
systemns today. Hence we 21 iminatse the nmeed to dedicatse  a
physioat ink for the duration of & "cali" and that Link my =

s foF otheaer PUurposes (83 wWOTrKstation communicationg ar £



transfarl.

Simce  the information is in & digitat form it is  POsSsibis
] chtain hetter aquat ity audi> signails with el g oed fri | me
dE‘g\"ad&lti':'Fl. It i s possible Tt SEeCUre the infFormation by

scrambiing  or other means and it 15 POSSible  to provide NS

5 SUCh &5 "voice mail'.

(193

mE YT
With Proped planning it is relatively sasy to intarface &

pan ket seoach: By S5t em To the nationat CAarvier *‘.TE'[E‘CDEH}

AUSPRC and MIDAD services fqr fong hau!l communications.

Ornie  practicad appz;éétion for this technoliosy 15 the
replacemsnt of traditional PARX/PDEX systems that are  in  USE
Lo ay .

ETHERNET, +or example, is a superior digital cmmmuﬁicatimna
network  which is finding increasing use QQ many organizations
tocay. Buch Organizations however, woutltd also  reauire  the
services of a PABRY to pProvide theifr vOoice communication nesds.

Thiea represents a dustlication of resources that ETHERNET is

singly capabiy of supplying. n PABX represents a congiderabie
i nvestrmeEnt of finances, in equiomsant and Cable layYins  Whan
advantaye could be taken of the =auipment and rouvting provided

by ETHERNET.

Syrh & sSystem would reduce the exchange raquif@mentﬁ Lo
that vreauived to interface to Tetecom. Al internal vouting
would be handled by ETHERNET,

A Voica communications  system utilizinsg ETHEQNET cets el
pyovide all  the services provided by traditional FARX/FPDBX

Syothems plus new features which would incorporats the advantag=ss

R



of ETHERNET. Services SUCh as voice mail oy telenonferansins
wWith simiitaniaously displays OF PArintouts i f T UmET g Al
diagrams would bacome realizable.

Herom e, any arganization that requires tha sayvices of EiRR]

ETHERNET system could benefit from the introduction of a paaoket
speech SYstem,
Packet speech wWill becoms more important in the futurs as

clesinand for TeSOUrces duch &5 satellites InCreasaes and ma i mum

Utilization must be made of thegse expensive data ohann=is.



RESEARCH.

Bewveral factors had  to be btraded of i this erodect i
order for it to be realizabis and of practical use, B discussion
i these FACLOVE, and the design considerations involved wiﬁh

SRRy FoOl I DWS.

SPEECH QURLITY.

The #irst criteriaon to bs coﬁsidefed s the quaiiﬁy of  tThe
signal that we sxpect From a wacket spesch System.

The main eriterion that I used to auantify speal auality
g the bandwidth of the transmitted Sianal. .Thia s bErauss the

Hignals bandwidth detesrmine the amount of data that must lator

e transferred. This it & factor which should b® minimised in
mrder o o maintain efficisncy. Other factors such &s signal T

VI | oS ratio or distortion are noct e%facted_by the digital o
wf the prodject and . Singe they arve not traa@d aff asainst othey
SERrating pavamstavrs, ars not congideved here.

I braneseed fh@ béandwidth reauiremants of the system &around &
sltandard that has &l veady bE=n @gtablishad ard Sommon Ly
Aavoepted. That stardard is the COITT recommendation for digital

T anhonEe SYstems,

This means that the system has the performanoe of the

ter | ephone @ervice tThat we are all uss to and is tyeical of  the
types  of applications that I belisve this system could be  usad
o,

Tz CCITT recommeand that the bandwidth of such & system be
IR Hz to S.3 KMz and that the signatl be sameled at B kMz Thez

N/N-D/R converters  should wuse A-LAKW  companding and frave @

T



resoluytion of & bits. This results in SAkbits or § kWhytes
data to be btransforvred each second. Ciat+ Duptex?.
Conmveniantly, several manufactures have clave t aped ohie @S2ts

wWhick pErform ths compand:hg G/ 0D/ convergt on. Ciygot ol pg are

refmred  to  oas CODEC'S and the one usad in thi®m design s &
Motorola devics designated as  the ML 1&487. it is  part of &

Family aF ChiIips wWhich Brovide the various Funmetions reati red To

Ml te telaphong systems,

HUMAN RAUDITORY PERCEPTION.
Thes  next fattor I rofsidered was that of RUman auditory
P rempt PO. This involves the maximum delay and intaruption that

(= at b owsd in the signal befo I'E; The ugey notices 3 Y WOV S

b capE sy ANy @d. Tree delay in the received sianal o dus to the
R it o takes to bui ld a packet of datas tranasfar that odata o
b TETEIVING station aneg then Punpacking” it Signal

Prberustions  ars dus to packets of data beindg discarded duz  To
ol s ons whan tryinsg to transfey the data or not being abla Lo
Qmin TR to e tr#nsmiagion med i U, Theose are Situations
that ars likely o Ooour in an ETHERNET énvironment.

T books I orefered to suggested that humans are capable oo
dmtscting interuptions and delays in Ssignals anty when they &Y
greater than =9 ms in duration. Researchers in America whd have
bt WOFK NG On packet spasch foOr @svevral yearg now CpErate
Cheir BYsStems With packets which ars us to 58 ms in.duration. I
s accepting pacrkets of 16 ms duration in this syastem for  the

rEAsons that fol low.

(4



PROWET SI7E.

it im the mize of the data pachkets that determinss  Tha
amount of oeiay in the rEcsived signal and the interustiorn Limes
ey a4 Packst 9 lost, ETHERNET strictly defines the size of 19
paACEts to be botwsen 45 and 1900 bytes long. Wa woulg ks the
paskets o b oA large A5 AOSSible o Minini e packed ovaErheads
and thuz make sfficient use of ETHERNET. Laréer pac kst s hoWEvETy
regul re laresy and more expensive fifos for storing T e macﬂgta
ivia Tre comeromise 1 odecided on was & packet size of 1ZE bytes.

T

repreagents & time slice of 168 ms when ﬁamplina.at 5 wHz.
This is a small packet amdﬁia ineffici@ﬁt to send over ETHERMNET.
Howswver  RMIT'as ETHERNET i@, at this timas undey utilized and
el Enoy i not reatly & problaem. Smaliaf pachkets wi il at s
atlow  mors  subtie investigation of signal deéradatimh s b
varing percentases of deliba2rate packet {ﬂés. One last factory 16
that 128 bytes ig a convienient sige for the %ifgs required on

T Syatam.

SYSTEM PERFORMANCE.
Oonsider tws 19 meabit'ch&nne!% Which ars to be used foy

Gl @phoTee Commun i a2t Eons, One bBeing an ETHERNET svstem and The

othey being an tvaditional PCHM muttipliaxed systan.

The PCM gsystem could suepovt 156,25 10 megbit/B4kbit 2
similtanious telsphons channsis. (Soms channs !l s wﬁuld havse to @@
ymed For contyol).,

The ETHERNET system with & data packet size of 128 byites
FHas @arh channe! @anding 77 kbits 2ach secand. (Includes pPacket

AveErhEads). Each packet will contain 1232 bits and assuming that



&  packet from Sack channs!l s sent someawhers within ) 1E mm

interval, (ie beforse the next packet of e2adh Channe i i yeady L

by STRAN they  the time to Send 2ach packst takss an averasa
12Z3. 2 us. (1957 hmits + 100 ns per bit + 18 us  delay B e )

PaCkets) . Farh channe! must send B2.5 packets mar s@C0nds s
mach  Channel haEIﬁOﬁthl of ETHERNET for By 220 m#. Thus i+ W
run ETHERKET at say 9B % efficisncy we TaN SURPDYT 195 channels
similtanicusly., This appsars 1o be worse than the PEM system but
ETHERMET can easily SUPRress the sending of emplty OF Tetent"
oackEts  Which DooCur  when peopls are  Histening OF thinHiﬁ%.

e |

<

(i)

Aasuminsg peaple talk for S8 % of the timse then  the eff

Tt

capacity of tie ETHERNET system douklss to about 21B void

channsis., That represents a 285 % increass in sfftective bandwidbth
and it im thie improvemsnt in performance that o may  gSEs th

imtroduction pPacket voice SYSLems in the near future.



DEST GN.
Thie secticon outlines the d2sisn of the physical harvdwars
cE@au il red bt demonstrate packet spesch. The oircuit diagvams

Shulad be refered to when reading this section.

DIGITQL SYSTEM.

Mote that the resst . Ppins on &l the chips  have  been
conrEcted and are reset an Power U by the vesst oirouitry. This
FoAturs is axtremsiy useful fgr fmrc;ﬁa the hardware o 4 Ko
state for hardware desbhugsing and testing. Also note that whers
myar OMOS drives TTL ther & 10 kobm pulil up resistor  has  been

inicluded to ensure covrect TTL fevels are maintainsd.

5106 INTERFACE.

Thé mardwars (s desisned around the 3180 buss so that it is
maEi Y intsrfaced  to RMIT work StatithIWhich ars ZE@ 5108
systams. The S100 card is a sonvenient size and is avaiiaﬁle Fiov
Wire Wrapping which 08 éﬁvéiuabla when davaloping srototyes
civouits.

The haSi9n Was arigfnRIEY aming to appsars o the mother
mmare as Lwo /D oAt i onssy e For writtins data to the oautput
Fito  and the othey for reaging data from the input fifo. Thesa
twe i o JozAations no@ exist at the sams placs in the /o map
Gince  She act of reading or writing data will determine which

port i b i ng addressed. Hence the boarvd opserataes through 2

Hhal

Gingla (/o lTooati cha That 170 location was arbitrarity salgcted
tr e 1B (decimal) &S it arp2ars to be out of the way' of the

et of  the  systems /0 and s reasonably sasy to decode.

Fead i g data of F the board Simply yeauires enatl ing = data



LUffayr (FALET44) conmecting the outeut fifo Lo e data in 1 inses

o the 5100 buss. The butfer is enabled whan ootk The sl oy e
deemding sisnals  and sINP on the 51680 buss are present. T

qeaative sdee of this signal is used to shifi out tThe next byt
of  data  from  the output Fifos Qe after the micro has Tead
CUrTEsnt by e

The sutput of data to the board is only a Hittie more
difficult and invsives 1atihing data-off the S5108 buss and £ hen
ghifting it Fnto the £ifos. Data is i(oadsd fnta e l&tich
CTALERTT) when the address  decode, sOUT and pWR¥ sianals are all
present. T  negative sdee of this sisnal is inverted and used

e shift in The current data byte from the jatch to the fifos.

FIEOs., (EZ4aln
Thpn £ 405 used are the Fairyrchitd 3341 Which are 4 bit by B4

Word deviCsg. Eark buffer consists of fouy TETAl's configursd o

]

Brovicde the 1528 hyte deoeep arrvay veauired for the desidan. Thoas

Wones are desgigned to interface together to make largsey Fifo

o
1]

ot
AT V&Y S, The manly problem that I esncountered Wwith thisa section
NI that the spes sheets I was working Friom were FOT ipotary

ey i valents of the 3341 and henoe fai bed B0 mention the — 5 owolt

rail that the 33417 rveauire for gorrect oS At On.

OODEC. (MCL144B7)

Tt (e worth discussing ths codec devices at this sztage o
That T e interfacing betwesn the fifos and the Codes s more
@asi |y understood. |

The  Firast Fonsiderat joh IS that the codec chip  transfers



cgdigitatl cdata in savial bit.strQamﬁ hEeCcaAUsE Pt was s | s nea T
Wik v POM mutltiplaexed systoams. Henose shift e ShETE . AU
_Jr@quiréd to transfter data in and out of The Ohif.

:The ﬁther main consideration is the fact that the ooded ch?w
mpErates on o oa 12 volt supptly., Trhis complicates The design

remainder of the CirTduit vyns off oA 5 vatt

D

somEwhat  Since th
vaila

Referins to  the spes shesetd, . the codec  has four  main
digital input Ei?ﬁ&i% and one digital outeut. T inpul Eiﬁﬁaiﬁ.
ars RDD  which is the ssrial refeive data inmut; CCI which =]
Qﬁed AL A c@nverﬁ clook an; mevial data Clock rate. TDE and RCE
Whith contro] the tims pericod during which the 8 bits of  data
are  cloocked in énd Ut ofF the chie dUuring sach Cconversion oyole
and MS5I wh%ch s a Syﬁchroniziﬁa Signal. An open ool laector 7405
gats with a L KDhm putl up resistoy is ﬁéed Lo convert  sach
Sianal from a9 ovalt TTh feved tﬁ a i& volt  CHMOS bevel. AND-
gates (745097 were used b@céuge I could not obtain & hex budffer
packays such as a J4LEDBE or ?&LBB?.

Tz digital outeut from the codec (6 the serial transmit
data ine, This signal is éﬂhverted ter TT1 tevels with & simpie
zenoy diode arvangemsnt,

Getting  the data in and out of the coded reauyired the USe2
of & BIPO skift register (74L51E4) and a PIBND ghift register
(74LS1IEET. Bome combinaticonal logic was required o gensrate the
timing sianals reauirsd to SYNChronize the joading and  shifting
of data in theae’d@vices.K The ffock Circuitry and its opsratiom
LI @Y fyizs beét Explained by the timing diagram and the Sircuit

ol i &% Fam.
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The only comPlication with this part of the CHrauiT e
fhat the Fifos tended to shift in or cut meveral bytesn of cha i
instead of a single byhte 2ach tims they transferrsd data te 0ov
from the Shift registers. The fifos app2ar o ke tevel briggersd

instead of 2dge trigaered and thay raced for the duration of thez

LEFIFO (Load Fifos) pulse. The solution to this problem is  The

addition of the f1ip flops to 1imit @ach op2ration o & single

hyte transfay.
That compiaetes the gigital harvrdwars invobved wWith e
G | Gt Tz next section will discuss the analadg hardwars avid

it desigmn.

ANALGEG SYBTEM.
The analog system of the desion involves tThe Microphons

Breamss oubeut driver and the mand! imiting filtaevys.

The coder takes carse of tThe A/D,D/A conversions reayired by
the aystem. One unusual Ffeature of the codec that redaui red somes
attention s that the_ana!oe marth of the codec i NOT ths sames
as  the digital ground. The codeo seneralses a2 soparate analos
gyound  at are half of its supply voltags, e Wwith a 12 wvalt
sUPPlye the Codess gsnerates an 2arth rail wWhich 18 B.voita above
the digital =arth, This was auite useful whan interfacing o tha
e op amps used For the amplifiers and filters but is a_bit of
& problem when intevrfacing o sxtornal @ouioment which ig mains

EFArthed.

1T

The analma sarth reauires a8 pull up resistor iF it 18 o b

e o sEwhere 0 the circuit and should be aC courlad T the

i1



systam  garth  and 12 volt supely vail!l o o impyoave bhos EYE

P G BB PP D rmaride,

Tz ol ! designaed to interfacs to a i o hermal

aampted data filter on koth 1ts input and output, Thisg =

MOLaal

Uﬁfmrtunateiy this ochis (s not avaitabltse in Bostrat i Th@
MOLALLL  provides St ordesr bandeass Filtering aon thé inpyt
WGignal ] T e el =3 LUt M e important iy mrmvided St e Ut
¥éﬁtarin8 @i BiAKAH corf&:t;on for the S8 W duty cwoia PEM
oUtPUt From  Lhe  S2odad. The outeut Siyouibiry Used  and -

probiansg s discusssd ater.

INPUT STARBE.

Ttren .inDut SLeEg s = reasonably simplte and HAULH A aﬁ
ampeiifier and banamazﬁ fitter to the input signal thus red Ui g
atiasing prabisng, Trhe MO14617% acts as & Stk order 2PHiptic oW
sams  Filter and a Ird ovder Chebyohey high Pass £ilter.

My design settles for 4th arvder Eand pass Filbtering i

it oooulg ke imp] imEnted Witk mne auad op ame and woulcd also AT

as the pragmelifier.

This Stass wasds & Prablen. I mriginalily had & Atk orday
Hutterworth filter on the output from The Coded. This woarrkeod but
s T o dimcovered later wasm of no uss with FAM signais bhelause of

tihe non Dinsar time detay intryodueced by the Butterworth  £11TET.



This vesyl ted T auite gpectacular phase distortion mry, heE
output signal.

The Situabtion Was improved by first Passing fhe outEyt
pulsss throush a 2nd order biauad Besset's fitter with @
variabila ﬁransmiégicn TE T This not onily improves the Phass
responsse of the  systems it also improves the "tone"  of  the

SUtPUtT Signal.



SOFTWARE.

Buftware i an intearal part of this prodect and has Eas

involved singe construction of the boards began. Tt for lowing

diSCUSSiON deals with the development of these programs. ( Refer
to attached prosram 1istingsd.
Tihoe  RArdwars was desisned s0 that the software  interface

Cwoutd be sasy o impliment ang =fficisant. Hence there are =

gtatus ports to be checked OF Timing CcoNstraints that need Lo =

ronsidered hy the software.

Thoz firat PrOEran 55j- callad Codead and (=] & simpte
. e
diagnostic macKage which proved invatuable during the

construction and debugaing of the hardWwarea.
Tihe OI1BR interfaces were tested by rsading or writting &

K ricsin Lyte continuousty to or from the /o ports on the boards.

The fifos and shift feeisterﬁﬂere togted by connecting the A D

shift registers tosether so0 that data could be passed through
orE to the othed via tha fifos and read back 256 bytes later.
Thess tests wWwere carrisd 2ut usindg "Oodec? to drive thes

hardwars.,

£l

ﬁNDTE. The analos system was  tested simitarty by
connecting the) SUtPUt From the codec back into its input and
using the Chip in a "play back' mode J.

The sSecond program is called CDI and Qag developsd as the
fivrat board  was being completed. It attows the transfsr of
ﬁacketg ter and from the one board in real time so that the board
could  asain bé used in a "slay back'" mdde, This prosram also

deminsgt ratad that the pProject was infact Qo inNg T WO T I a5

intendsd !

14



an intarunt

M

"Nl oosrates by  initilizing a_DTﬁ T CRUS
mvery 1 ms. The interupt routine then takes 188 Eyt@a From the
Sutput +Fifo o and transfer each byte to the input Fifoy e in
sends a packet to itself,

This Program can =2asily be used to investigats the effects
of packst SiZe.

The next 9rosram wriften 39 calted CD2 and is5 & fui! dupiex
ETHERMET smimulator betwesan Tt wéfk étatiang. It will d@teét
packet collisions and delays the sending af P ts next packet when

Lhey Doour. In this way the.sending of packets will aventual iy

f.i“

symohroni zed  between  the two stations  so that  they don’ t

overilap. ANy packet involved in & collisian ig ro—-sent but the
following  packet is lost since the fifos still hotd  the
teallision! packet and the followins pPacket cannot he saved.

This Brograg has hesn successfully yun at hal ¥ dupleax. it
has not Lesn tested at fuil dupiex becausse the progvam redui res
o PIf's for full duplex coeration and the work stations only

have ons frese PI0D sach.

The time taken by this program to send @ach Packet igs Just:

Under B ms S0 it will be able to Send two packets Cfult dupie

oparation? psr 1B ms but onty Just.!

Infact the Eﬂftuér@ wouid have been much méfe effi;i@nt if
it  had not  besn interupt dyiven. fhiﬁ is bacauss it has to
sperate 4% & State machine and @vatuatse its status sach timse it
ie interupted to send or receive another byte of a packet. It i s

o oonly interupt at the start of the packst and then send

ERS T ET
fhe  packet without the use of further interupts.  This readires

the micro Tto control the hand Shaking to the other machinse hut



Sivee  tReSs  operations occdr  copcurrentily  betwesn the W
mathfneﬁv the Ieéa time wil! be wasted waiting for 2adh byte o
B Aaccentada Unfortunately the PID's can not be ussd with Pt
inbuilt handshkaking unless it is interubt driven. Henweyvey  The
Foay .i/c ports - on the wark station could @asily support & Don

interupt drive Progyan given the appropriate COnMecitr S,

The onity probiem  with this arrangement is that The
detaction of col ligsionsg is much more difficult and might redau i re

a few more contiyrol Iines betwesn the two machines oF assigning

o machineg as the master and the Othsr as the siave.

16



IMPROVEMENTS,

af data.

Thers are several! arsas where foture imm%mvem&nta cou s be
madé to this design.

The First is the audio S2Ction. The aual ity of tThe voide
signals is5 ltarsely dependent on this section and the performance
af  the system would imProve sreatiy with the.addi;ién of  bthe
MC14413 Fiitter chip to the input and output of the Codes ohip.

Ginoe the fifos appear to be level trigsgserred instead of
edga-_tt{gaarred thern flip ftoss shouid be added to the fifo
input and output to the.Blmﬂﬁinterfaca to engsure correct foading

Lastly the software could be writteﬁ s0 bthat the data ports
are.u5@d for communications betweeh two work stations instead o%
PID"s in intergmt mode, This would improve the efficiency of ths

soaftware since there would be less overhéadﬁ T procdess.

L
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PARTS

LIST.

INTERGRATED CIRCUITS.

ici MCLALRYT
ce - 109 FI34l
Icim T4l S1EL
cL: 7T4LB1EE
IClz. IC13 7Tal5161
ICi4 — ICLE 74521
ICL7 - T4L5E9
icig 741504
Ici9 TaLEB27E
ICeD 74lL.8244
ICzL, 12z 74521
ICZ2: 748508
IC24 74184
Iczs 74874
CInEE 7812
1Cz7 7E03
128 7905
iczae - 103 LMzag

i 3.1V ZENOR DIODE.

5.1V ZEMOR DIODE.

RESISTORS.

= 1@ KOHM TRIMPDTS.

1 188 KOHM TRIMPOT.

2 10 KOHM SIP RESISTOR PRACKS.
1 18 OHM

15 i KEHM

&4 2.2 KOHM

i 2.7  KOHM

15 i@ KOHM

1 12 KOHM

=z 22 KOHM

1 S3E 0 KOHM

=z g KOHM

2 100 KOHM

1 158 KOHM

CRPACITORS,

= 1580 oF CERMAMIC,

@2 22 pF "

1 47508 eoF "

& 4.7 nF "

43 =7 nF "

z0 198 nF # TTL DECOUPLING.

_____ 15 10 uF ELECTRO. ¢ig8 V).

i 198 ufF "



WIRE WRAP SOCKETS.

id 14 PIM,
11 16 PIN.

= 28 PINM.
i 24 PIM.
HARDWARE.
8120 WIRE WRAP LARD.
£.3 MM PHOND PLUGS.
WIRE WRAP PINS.
IK: 1K AUDID TRANSFORMER.

S I
&8

B4 NUTS, BOLTS AND WASHERS.

r-"“’

N



«
“_17(

PPPRPEND>DE X B




bnier30  SSIosY ODIS

.vwm&am.?{eﬁm

‘YIIHANg nglng

LT H

@0 QAMF 2
@T|L§ N

(§)o—
o

24

41T

vy
MHLAW- vyl -
HeoT
. ..%13
b2/ m
. : Jurg
- 374
. o
¢RAMmH vz} Y
T 21
b o 5%
TLie; u_“..ﬁn M~ . ok Y
I
>T ; p T} L
i
4] Fy 1£ 34
%17t
5 5% b
5 b - Sy
KX4E sl 12l .
\ 7z, 2Ty 5| 7
»e2t
_ e Y

O0o1S




Lwlinsy s 1337y OnY 92077 1 wamog

€I _ [£ nee _
FAl-0 i Hsdel Fdeo;
B.M....O'Ihll 32 WH Hlllo NI — LSV
vyt
— o - . Y]
_ _ n3T .
...,SJ.QH Felot
+
b.u,«.?Hl LZ27L .Hclo N+
Hc ~ ‘ e LYW
-0 Hul& ER
Nild o nH- AN l'm..lb N 1 -
, ISw 7, - BHM2E
B\ >z gaw 9
£t 9
) 5 2aABTE
L2248

€101

¥72
/3
L3
Y7y

PEL vl

! 2ny 8
- 22y

242§
2 2059

71972
.o
17

v
vo

(1z2) =
(I22) 2nv 8

! -

12T

g

{-2Hw 7
L ity
oots ol .w

ﬁamxv&%&ﬁ.\w




By VILVI Il bIY >3000

Fal”aE 4
1Y
T2
oA oy T
-
(onvnoyh WILYIO Fnedy N9 )
Q\<§0W¢
boryrv

r_ v H¥n

25/
Frlot
e
\\ ———

e/ - »i7
Foy
A2l e ToN 204
>0.L
20v
— - oo

TVZ v {
00162

e ! 5 .
F gL ooy

1!

. \ ISt
h £
>V /iim
N2l ¢z
w \t![[l: 'z
; -2
A b
>V /Ii..m
Ly Li2x
2 | (2hvs21)
I
2
Lizt
x4

B 0
T\ U
EW Mﬁ&
Nz

Lior




o ¥RALAY SN

£
o147 & w7 g
5 .
s IJMWM > =24
Tﬂ o 5271 @
= ns— _ NS —
,w.Hu 7 2 M.u w%\ ' Il o
15T Yo ¥r I8 ¥o  of$ Ishkt Fri
| ° - Y]
1 4 AL T i o 73 . :
.nw v71 /4 . vyl tg 7| 7° yw e LSY
e n Zogy \@\VH 20 537 e uv .V,H 10 5 - 48
o £ fe, £g e LOTT oL le0
ASY V72 3 i o v e R ‘o " i
T S L Vit A i ob
i g 3 L 30ty 51 390
=7 = L b0 51| *0
| tg fog
124 yuw 13t% s 5 o
¥37 057 715 717 AET 55
y7 o) ) A . 0% h,...aQ 20 7T o 10735t 3T ﬂMM
et T'°0 N Q.u 7! 0 I 103 R o arT 5T ¢
H . Lox 2 20 Y; 20 (o
4o =7 7t e Bt k) /- .:sw
r IS Y =7 L0 £0 751820 LorT 7 bioT
_ % . w8 vo e h
¥ . I o7
M.M Iritos \JW( 2 n[ Y bwmu T evorsh i
ns T4 1S
ng

0OTS




yF440g Und 1nQ

£ ten: >1

Hoo

L

@
b { 1
T 150
i
27
ap &
wh b e
LTg " Lo Ag u
2T £ 2o K4
s3I0 u..” A so
bIy § 4o %o
£1g P20 s
21 A4 ! le
110 H_... w ‘o \
$I0 oo fo t=
14} 3
B
‘g
o z
o727
OTONAN

¥4
xer
_).mwlm o Y77
@ & 6 s2>7
ns— )%t
+] N [ —— 7 ¥ .
2 .l e ¥L 35 ¥o o9 73 b
{L o NI
“Aeer £10 _ ¢ 20 »
1" s M =
0 r& 14 7710
v AR SR vy 821 170p -
e ¢ 1oL 010 —
y z
v Yo vl
X L
15y &
= A m
L4 PN Yo w
Yo W 1< N
-t MQ.Q M% L ol QQ M.NQ 2, »
" 29y NHQQ It Ze0 .N.HQQ ,
11} Fo0 LT 120 y _Mtep g Q.H )20 “
A EX @10 4 £ 590 3 10 .
| ysf® .
vy IS : To OW
Y7}
..ﬁh Z] %] .ﬁN 2301 K b
G- NG~

iz

ELo]
]

i1 WG

HO

201S W.
ns

¥72

E.ns

L
pos LS

l«lloQQ.h

& Foansp
é “o 20w 871




dnd vl 9ol

o0

. 7] roboory

Z

._mvnll.“: 2>
2/ eap iy

2o 2 i

Tro

1715 wHU

[ ]

I0y
721

drel D




AN In0O Y oryruy

»FIANF

Ao }

Jogheryt
_L- | YYor

LA in o MIIL

Paddl

L pReId 7

+

T

S TL

L.
5

WYL

W
YvLL UHIL

wLh

Hive myFilnlt VIove Hib

dle

Ktw rVYor
Lanpdn ]

e

WL TN T

hin'E-3

Y71714 OWnOTy

ooy

12T

Qav




APPENDI X O




progvram codeos

{This is a diasnostic prosram used to test and debus the hardware boardslk
fduring their development. It is written to run undesr Turbo pascal . ¥

const fifo=iB2:

Vet & brdy Dy flintooars
Uy VyWichars

Procedurs packets
bedgin _
writein("packet size 7733
Creadinlal)s
writein(detay” 33
readinlbly
rapaat _
for o=@l to a Jdo
byt § 1 : o
at=poartt+lBZey
porttiBei=a
@ 3
For ci=f to b do
b i
at=porLrIed
POyt roet =al :
oy
Until Keypressed)
CEnd s

procedure Krites
begin
writetni{'Valuas to output to Fifo 7' 1%
veadinials -
repsat
CpartefiFoel =as
untii Keypressed?
il §

proceduyrs read;
begin
repsat
gr=ported i Foed
Writaednlials
until keypressed’
and

procedyre Copy)
hegin
repsat
Al =porited i foes
porttFifoacs=a7
until Keyvpresoed!?




procvedure reald
£This procedurs uses the onboard cto (BZEI) to send packets in

war arbyoedrs FIintegsars

begin

porttISe =1 B

pPoOrLttIAer=lTE

portridde:

v t=128%

repsat
raepeat

porttI6er=1 284
At =porttILss
bi=porttIbe’

-

- [
[ ]

unti |l a=0

foy k=B to o doO

bEgin 5
at=porttlBaes o~
portrl8aet=a;

and’

Fapeat

portriGSes=1i 20
ar=portelass
bi=porttiass
_ unti! ad)d;
until keypressed:
and s’

begin { main ¥
repsat : . ' :

writeln(" (Plackst (Wirite {(R)=ad (Cyopy (MHuit
readinlul
case u of

e iraeals

"W iwrites

Preads

Icopy

packat )

7

-

7

1

B I T

-

]
et

gnbi b U=t A
B .

anel

]

L]
.
=
a
»
1
k)

{

wa T



| Lodec Test Prosras 1.
1By Stephen Stetta OCT 1984
i For DESIBN 2 L0335,
© This oprosram is interust driven and simply transfers packets of

jdata to ind from 4 singie coded board.

ofa 188k
dgelay equ 258 jeets tiner to interupt every 1B s,
Packet eqy 125 1size of packets,
D me - e 20k ti/o address of ctc. (Bah for onboard cte)
¢ tovect eqy Bn jcte interupt vector. (B48h dor onboard cio)
fifo  equ 182 ti/o address of codec boartd,
: ssets tiver to interust every 16 ms.
- paT ’ packet eay 125 15iz8 of. packets.
2328 cte ey n tifo address of cto. {(Bah for onboard cte)
., Beea ‘ chevect eqy 2h icte interumt vector. (Bfh for onboard cte)
- BeBk : iifo  eay 182 1i/0 address of codec board.
a1ge start? finitilize tieer. - .
aey  ED 57 ' td @ i teet interyot vector offset,
a1 e id . ma isave as msbyte of hi,
- Q1Y ZE BB . Id lyctevect icte vector offset.
CRIRF 1 oBip td der tint jaddress of routine to put in vector.
e Id {hihe _ jeave Ishyte of address in vector.
L o inc - Hl
Coae 72 ‘ td (hidyd isave wsbrte ect.,
' QB £ 88 Id a ctovest 1t vector offget in cto.
- Bt DT 28 out {ete)a
Cmer X A7 _ Id a: 181081110 fcontrot word for ctc.
et D3l out {cteha
BT EFA 14 adatay Ttige constant for cic. '
gris 03 2o out {cteha
¥ th_is conpietes the initilization.
.. QT EDSE nain:  im2 : et pode 2 interusts,
By B ei '
B e crapt nop .
pip C3 sim ' ir crap 15it around and wait Jor the firedorks.
L RlE F3 txint! di tthis is the start of the interupt routine
LF. F5 ) push  af _
") i e Push bt isave Tegs
LMt PETD el br packet 1set up 2 counter to send 'packet_size'
: shytes of data,
@2y DB BE #gain? in ar (fifo} Ithis kit 'sends’ packet,
A2y DI Bk out (fito):a

oo 2T IBFA dinz again
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MACRO-80 3. 44

Hacros:

Symbolsh
2T ABAIN
gen  CTOVERT
Bi1r  MAIN

e TINT

No Fatai error(s}

#3-fec-B1

ME S

pUA'  CRAP @2 CTC
0FA LAY W FIFD
BETD  PRCKET po@'  START



iGtephen Stelia Oct 1984,
sFor DESIGN 2 COTIS.
|

This progras is fully interunt driven using a ctc and twd PiO'S
tand will allow both Ralf and full duslex commun iCatians hatxesn
jtuo boards on different sachines.

s In fact its 4 reasonable simulation of ETHERMET and copes:in 4
“3¢Tude Way: with "ollisions" and tries to syrcronize the sending
" 1of packets to avoid stch nasties by diseplacing the ci¢ ti tiger
3in time each Lime a col LiSion oCCures.
tFor half dupiey don't anable the cic interupts on ihe receive
thoard and for safety inhikit the input pio interuots on the
stransmitting board.

LIRB
txiength eay 137 e packet size,
rxienght equ 127 yrE packst size.
txpiod  eae 84h _ %ifo address of outoyt eord,
tepios  eay B83h 1status for above.
tupiov  eqay g2h toffeet for interupt vactor.
wwpiocw equ  QEARLiilh . jcontrol byte for mode @ pio.(outeut).
rkpiod  eau - Béh jifo address of inoyt port. e
rupios  eay  Bih istatus for above,
rkpiov. equ  Bih 1offset for interupst vector
TR OO eqy ditiile tcontrol byte for ode I pio. {inputd.
cte ey 28h tifo address of e,
ctey eqy 0n Tinterupt vector pffsst.
checw  eqau 181001itn sconttol word for it
fifo eqy 182 tifo address of fifo's “”“'
inuge  eas  Bffh 1#tag for "packet IM use®,
notinuse eay . BB t¥tas for "packet MIT.in vse’.
BRID eay  1ERQEGLIL i enable’s Pig interypts.
doio equ  DOOABBLIL idisabies pip interupts,
delay o411 258 itime constant for cic.
digplace say  @¥fh itime detay constant.

. ;EMD W mugTEStllotl?lsl‘ll-u‘tlnlln-ll‘l-'zsasslll-nlll-uuu-unsl (EREENEER)

org 1iPBh

gi 1ghile chanaing the vectors.
txuses db . OB 1¥iag for tx packet in Progress,
rRised  db i) jeame for IK
txpackt ¢ 00 a0 of tytes left to send.
Tipack? db il ne of bytes left to recsive,



STHITTLIZATION AOUTINES. cusvevvsniniasasnrcacsnnarresassssmsssnsacrnvrssscrnes

ingts

out

ot

ai

hed
Pactev
dentxint
(h”:e
hi
(hid+d

arctoy
{ctehra

& Ctecd
{ctc)a

aydetar
{cic)sa

dr i

hd
[18Kpiov
destxint
(ht),2
ht
(hi}sd

a tHpioy
(tynios),a

& Lrpiocy
(tupiog),a

ardoio

(txpiog).a

Al

h:a

Ly FEBiOV
de, rint
{hi)e
hi
{hil:d

i FRRiOV
{repiosha

& THPi0CH
(rupiogd.a
Hrepio

(rupins}.d

Tinititize the Cic,

Tthis bit builds the address of
yinterupt veCtor for the ctc and
1pots the address of the transmit
irouting in it,

tapt ctC vector offeet,

scontrol word for <te.

ttime comstant

tnext set ue iy oid [outout piod.

jset ¢ address in PO
jinteryest vecior

Ytogd tepio int vect offset
tget oo mode (B-outmut)
e

tdisable txpio int

inew set um rx pio {input miol.
izet up £y interupt vecior and
iyt address of ry routing in i%.

Jioad vector offset

1ioad control mode (I-inputd,

iengble THRIO interurts.

SEND OF INTTILIZATION s visaensinnsnsanasssnsnutasassrsanessssasrunssianssins



main:

in 2
2i
again:  nop
ip again Iwait for the fireworis,

STRRNSMIT INTERUPT BOLTINE. s evvrsennesesrannnnrernasenssssnssnnusnensnisnanses

tint?
di
pysh af
td ar {ryuse} jcheck if we're currently
e ROLi nUse iTeCeiving 4 pachst.
ip Zr okl

ahoFt: jwe have a collision here.
i aidrio idiable tx pio interupts,
out (txpins)sa S
1 a 0ot inuse tclear ty in prodress §)as.
id {twusal, a

_ td ardigpiace SKill some Lise

WillE o
dec a
it nzikiit
call  restart thy reseting tiner here the next

' 1tk packet will be fater and after
1enough smash's the packets will
tdisplace in time and aviod each other.

ir retnl jonly have one exit point.

okl id & (txuse) icheck if me’re sent any bytes vat,
o inuse

e I 5endl

firstls 3First hyte of packat so set flags ect.

id 3 txienath jget packet lenght.

I (txpack)y.a

Id a inyse ' iset transmitiing fias,

id {tuuse), a

i areio tenable tK Pi0 10 interyot

out {tamios), a $60 regt Oof packet is sent. .
sandld in a {fifo0) jget data.

ot (txpicdla yeond it,

id s (Supack) tdec no of brtes to send,

dec a

id {typack).a

i nzeretnl



finich! jif here we're finished sending this packet.

retnit

restart:

id
id

1d
oyt

pop
8l
reti

Id
ot
Id
oyt
ret

3. notisuse iciear tx fias,

(txuse), a

& dpio sdisable t¥ pio interusts unti
{(typios)vd et packet.

af

ssuhrout ine to restart the Cto timer,

tysed to affset the timing of packet sending
150 4% to hot coliide Wwith the Other station
e L] ‘

(ctohed

ardelay

{etchra

SRECEIVE INTERUPT FOUTINE. en evssnsseennsassessssrnssessreseasnsnsnnnssssss

rrint?

stopt

ok2:

first2:

Send2?

di

osh

P

i

id
ait

td
P
in

in
ot

at
- ar {tyuse) tehock 1§ we're transmitting,
notinuse
Ly k2
tatop sending and recaive packet instead.
tthis routine shouldn’t ever e calied '!0 .
Az drio jstop ty pio from interupting.
(typiosra
4 notinuge jciear vy flaa
{txusel. a
s {rxuse) leheck if i siddie of packet
inuse
Ty SerHil
11 here then this is first byte of pack.
yast fiags ect
ar inuse tset ¥ in proaress f13s.
{rauselra
a1 triength fget Tx packet.

{repack),a

a (rupiod} jget data
(fifoha put it away
a (rxpack) icheck ¥ packet is finished,



finish?:
td
id

_ retyrn2! pop

2i
reti

nd

a
{rapack) 4
nz:sreturn?

dy Mt inuge
(rxuse)s a

af

there if we're received last brte of packet,
iciear rx f(a9.

15 back to main angd wait for another interupt.

ithat's afl folk’s.
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. MOTOROLA

MC14404
MC14406
MC14407

PULSE CODE MODULATION (PCM} CODEC

The MU 14406 ard MC 144074 pae channel POM cosecs sre desigred
for  B000-samples-per-second. B-Da-pergamply  vote cading  ant
dacoding’ These devicas ara fud dupies. The MC18406 provdes Mo sna
the MO TAE07/4 Srovides Doth My sl A comoandng iaws

The transmd and recs.ve Sa18 rates are ndependently seaciabie up
10 3088 M2 sltowsyy direct migrisce to 24, 30 12, anc &8 channel
chgial frames

Both codecs sre fabincated using CMOS taschnology 'or retable w
power periormance The MO HADE o the tuh teatere device w3 2B pon
package The MC134807/4 provdes & 24 pin package w.thout w)naing
capabrdtwes
& P Channel Fuf Duples Capabiity
® Low Power Oporation — 82 W Typ
€ Power Town nput 11 0 mW Mas i Power Down Moece)
® Pin Seiscion of Algw and Mu law Companding

AC1A4T. MC 14404
@ Smge Power Suptity Operanos — 10 10 16 Vois
® Zaro Code Suprasaon (ME 1445, MO 1840
& Tranamed snd Receve Sigratng Avadable IMC 18406}
® independent Transawt and Receve Ciocks o 3 088 Mty
® Lxternally Selectatie Full Szae
® On-Chip Autp Zero
® Mu-Law Digetat Formar MCIAOE. MC 14457
& Alaw CCITT Dngast Formst 3 14404

CMOos LS8!

IOV P wER COMPLEMENTARY MOSH

FULL DUPLEX 8-8IT
COMPANDED PCM CODEC

24PN PACKAGE
- PLAShL CASE 673 - CERAMIC

28PN PACKAGE

CASE 1) PLaAST CASt 0 - CRRO

2 SUFFIX
LEADEESS CTRAMIL
PACKAGE
ORDEMING INFORMATION
MOTREX K Sulta Denores
L Cardeeg Package

P P Packge
2 Crup Carnar

BLOCK DHAGRAM

YOD V5§ Fih DOC CO WS

A A

i

j

¥opi?
Asl

Converuon Control Catunty s

nang
LogC

L O 0 O OO T A VR
knpog Sutmerem
Angion Swch Fary
et Autore

OF ks

Iczs L“,J i e

P sisw Lopdatie

Frarsemst
Dara Convgr

Facmve
Das Conterpt

SAR Fague
T T T 7T 171

Compandes B Bt
Lurrpnt Mode DAC

L S |

“"'“"'""'::_CO\
T

MC144040MC 14406 & MC14407




MC 144040 MC 14408 e MC 14407

MAXIMUM RATINGS rvorages Retmanced 10 VSt Thes UV CORTINS ATy LO PIateCE The st
Syeribol LYz puty aghnst demege due 10 Tgh SINC vollages
O PHICING Taidls. hOwenvBt o i aIvised E nov
O€ Subery vorags Yoo Y55 0% v e it peaCEUTONS U TARER 10 FvOHE pphcaton of
Vohogw. Any P 10 VEG hJ -05Yppe0% iy vOITEgE hGhE Than mEninum (ated voitges
DC Cyrrent Draw. pev P (Eachuring Yop! t 10 o thad h-qh::mm mdmr;::ua F:too!vm o g
. T e ik 5 B that Vo #nid Vo beCon
Cperaung Temparsiure Range Ta i « B8 T tna range V55 5 Vi O
Yout' $ VDD,
rusbed wPuUTs UM dways De ted 10 AN a0
Dot ane IDGC voRge Ve (B g rther V5 o
voo!

Srorage Tampernture Rarge tug - By s 10

-~

RECOMMENDED OPERATING CONDRTIONS
Paepermte Syl
OC Supphy Vallage Voo Y85
Conwert Clocs Fosguercy [
Tranamst Data Linck Foaguenty 1oL
Aecpwe Datg Cock Fregquercy RDC

rpat Sampe Canacai Lo
Dutpul Samps Cagagn Cov £07
et Svep Boap s Fon Soaw 4G ADG
Fut Scae Voitage Vs 10V ) AT
o G ae Voptage iVpp v V7 ¥ ADD
FF Scae vonage pn s 1 W ALO
Refergrce Current Range

bept
Bupass Capactor WAL 1o ¥op! AL
Ausy Tero Capatao: o Ln

“SYSTEM PERFORMANCE A/D THROQUGH D/A (Ry = 3010 Ay« iy

Toet
Figers

Charpctarahe

Gar REpeEatrity (Part b Paeei et | 07wtz § gl
[
#l « GABm0 @} 07 ery . Frg o
gt Leves 1B - 3T
L r
B 1

Signa to Mose Rato
ferpit Lo LBt « Jeo -

.

ifie Channel Mowse: ADix VARG

Cuwer Tocke Naar RDOD = {0 Code
Singre Frequency Derarien

Ingrut Lewet v - 10 08m0 v O sy

: Outof Bamg 010 1w

Fower Suopy Remcton
vop 12V 01 VAMS & ks

MC14404eMC14406 # MC 14407




MC144040MC14406 o MC 14407

DIGITAL ELECTRICAL CHARACTERISTICS (vss=0wt
Chrncoie:

Oparatng Current, |y w il oA

Powess-Down Current (P01 e VE g1

inpud Current

QOC. SBO, MSI S0 58F
Hevmrnat Pul-Down: Retrsrons!
TOE. MuZA-Law
{intwrrad Pull-Up Resators!

CC1, RDD, ACE, ADC, TOC, AR

inpat Volisge

Input Capaciance

Output Dyrvs Curreng
VoH= 11
VoH=13%

Veu =t 0
VoL=th

Durgral Deven Ciarrong
A TR
Ve 135
VoL ~t0
YoL~15

ANALOG ELECTRICAL CHARACTEMISTICS wop - 17 v

Charactecietc

Anaiog Ground Voltage
Source Current

Sk Conent

Outpal egecancs

VoW =S voc
voy =6 dvac
AT 01 vy - Wolens

o Ditser Voirage
Ottse: Voitage Dutl

i~puA Impedance dc

AC Impedance Tl=2000 oF . § 41z
Lower Comman Mode Range
Upper Common Mode Range

Seenpie Duty Cycle
Ssmpia Duty Cycie

Fu Dupses
Decose ory 106

Nevst Otiset Fepm VAGH
Neulrp Ditset Duh

Source Current

Sink Cutrent

Lower Common Mada Fange
Upper Cammon Mode Racge
Culput Impecance

Seiting T'me 10 30V A pna F

Vw95V
NOp=25W¥

AL Y CREMe - X olmy

MC14404 @ MC14408 0 MC 14407




MC14404€MC14406 #MC14407

SWITCHING CHARACTERISTICS 'vpp =12 v. €y = 50 pF

. e

Output Rse Tirne
Ourput Fatl Teoe

10D, SRO

tnput Rise Ture
irput Fatl Time

CCLRCE ROC TDC, MS)

Puite Whdth

CEt ALE, RDC TDC MSH

Ciocs Puise Freguency

TOC.ROC
o

Fropagaion ety Tame

(w100
108 1o TOLY

Setup Time
WS Rty £0gge 10 LTt Puseng doe

(10 BOC. CO= 128k’

CCI Raung Bage 30 TDC Rusng Eage

V100 = 2 048 Mt
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FIGIME § — TEST CIRCURT
SACT4A08 SYSTEM PERFORMANCE DATA
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See Figuee 51
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FGURE 2 . TESY CHRCNT .
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See Figure 11
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VAG - Ansiog Ground Oulput IVpD-VEg)/2. Y AG 5 1he
output of the nternat (V) V53 7 voltage efirence oo d s
controited by FOI A putiup ioad ressiar ard bypass
capaciot may be eguired o RS Gutbut 6 10 be ushed
efsewhere n the system VAG cutpuls may De wee Ofea
togethed wih up 10 8 cther godecs Tres po serves as the
analog ground toe the codec

ADH - Aralog Doeta Inpuz. The bang trmting input bizer
between the channet und hobrad gnd Ihe coder dowe fan 7
Lirver sowrce wrpedance shoutd be ST or wes Trus a the
VOWE MDD the CoeC and walf be sampied 3T B Dar; Tre
Sampke apeciure ends with MSH

CH. €12 — input Ssmple Capscior * Tre srput sampie
CARACHDr s conneied 1o these pind A 2000 of capsoitor &
recominanded XTR Ceamt Caoacitors are sarsiac 1oy

CZ1, €22 — Auto Zaro Capacitor ™ Y%e aute rero crgun
tequues 3 2000 pF capacitor between tese mng An XTR
CE1AMTHC CAOACHOT & S3NE1actory

RY. A2 — Guin Resistor. The ¥ 1o | romvergne tpssior 5
connected between these pns Gae o4 estabivshed by tre
ratg ol this resistor god e eSS0 A1 vy T

Mu/A w Mu-Law/! A -Liw Sclect Stnternal Pull-Upt Sesec
non ol A aw of Mufaw tompatding 5 proweled  The
SACHAINT has an wmernal Dot up deece 'o Seeot By Law
whiie 1he MUOTEI0M has an g puil of 1 9Pect & ga
Both car be altered by 3 000 Bvel a0 theg mpat The
METAA06 15 haed using M aw Sew TOD orscngrar for
dgiae forman

SBE — Signsl Bat Enable finternat Pull-Downi. S8f cor
rofs e inserhion of ansmul Lgnaing Bers o thee 1 gt
Gata register Wher taken hugh 11 ree? tegennnt ooy wert
COnta thd SBI per sl o tre [ BB pesn s 140k thar tng
iast ot o e POR wiorg o iept mgh e SR dgta wor e
"SR I SUCCRMGING COMBT R § U7 1 (e €y s Alrme 1
B Doughl w1 an Do Gsen b o boak wgeatng o & are
B sgnating = 03 barks

SBt ~ Signat Bit Input lintenal Pull.Downl. SEr s e
datd mout b Dangecting sgedig bets THe et of SBY wak
be iaiched or the weading edge of SBE o by re ergear
1310h data putse o SBE 5 hesc mgh 1t S8 g purses (he
ieadng edge of SBE will 1arcr S and waad ot « 1o thae ey
Transmul wveord

CKSED CADACHOIS VBIY fPAT 1hE [

MC14408 ¢ MC14409

RAC 14408

Chup Carere

ADQ -« Arsiog Dms Outpat. AD outputs the eee ved
PAM sampte lor esght Conwert cinck Cycles DEQINTING wilh
MEL E tren retarns 1o the Gutpul reuttst wvoltage which may
e 3 few ratvotts g terent from VAG

CO COZ -~ Output Sampis Capacitor.® The output sam.
0 CAOACAN s Connectod Detween ‘hese ming Ceramic
Capacitor of IO pf s recommended XTR ceraruc
CARATHS are saveiaciony

V55 ~ Most Negstive Supply. Ttis 15 the most neqalive
Supphy (o, and the thaptal ground Al ggial mputs snd out
Duts wil Sty the full Supply voltage

fred — Current Refarence gt A reference curent of 55
1o 25 p 2 sets the tufl scate DAL curtent An B3 gA input cur
Tent corresponds 1o 1 20 mA full scale DAS curtent pin R?

POl — Powss Down Input. A low fevel at ths nput deac
tvates the codec The analog crcurlty 15 based off and the
Agtat ciack wputs e disaliled  The power dhssgpahon
thes oI 08 tess than 05 mW iy

The cpcec wili be 1glaty powered down alter the MS)
puisg. that ‘otiows the PO neganve tanston When BB s
rgken hah the codes w be lully operatinnal fotiowing Ine
second MSE puite thetween 126 and 756 x5 f MS! 5 @8
WHIE e e powesd down marde VAD o disabled ang pull
©3 Gt 1o VOD wiich can De used 16 Gisable af Joads con
recied betwees YAG ant Mo ’

M5! — Master Syne Input Unternat Pull-Down}. The MSI
ading e1ge 1e5e15 The ennre Chp 1o the wnial cycle 000
Tre cnp cortnues apetanen on the next leading edge of
gsta and Cconeert clock The mghih wading edge of convent
Clogk (getned Trom MSI rpsets 14e oulput 0t mplerer
AP Hansrat e F Sager bat

SBO — Signat Bit Outpat. SBO outputs the 158 of the
réceve oxta regster The LSB may be sampled exteinally
dutng the 31 1hepe convernt clocks after MS) or used as a
ngaer puise o ot haok apphcatons

SBD — Signal Bit Dacode {hternal Pull-Upl. Signatl bn
decode alows the controd of the % LB or LSB centenng te-
gured i sampte decode cycies It s loaded by the ACE edge
o each oyois 13 zero s emered, the next décode cvcle adds
% L5816 ihe B-ba recerved word 10 cerier the quaniizanon
error of ihe Bt recervad sample when the output sample
capacnar s charged o 3 1 s foaded by RCE, the % |58 1
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a0t sdded, and the LSE w farcad 10 a 1 to o 8 centgeed
error 7-brt output. and tne LS8 5 ignored and assumed 1o be
Bgnaling nfarmaton For codes 1TTIITEX e D113 the

LS8 5 thsabled for SBD ngh 3

DOC -~ Decode Only Controd {inteenat Pull-Downt. DO s
normatly ted low When mgh, o confgures the gevce o

sk the Bight convert Clocks used tor Ao T comwesion

Thet operating Cycle « then twg cocks for PARM suipw 3
ADO ang six Clogks 1os chargng the rext sutpu! samgie Tre
device may be used (G (o 25 many as eaghl decone Ovies
3 125 p5/penod with an gatermal ansmestigm Ja%e semcior

(MC 14408 ontyt

Aecewved O3ta $ lgaded intn the Tansmst (1314 tagryier 37
MEt wheen in DOC mode. so DOC can e used 3% a ohgeal

oo back control

TDE — Traoemit Data Ensbis (nternal Putipl. The

Transen: Data Erable « a teee state conteol Bl me rangma
digerat guiput A symper ol Cooed outHys Can DE nteriedves

ItD 2 $eTdt SHEAT Dy COMMBCENG 1he Nutpuls and conticl

v 10E with 3 1 of N decoder It ! prowde Sweicruny

characiesecs capatie of 3 OBE KR npergtnoe

TOD -~ Trensmit Diginal Ds. The Traosma T Data

1312 15 corirolied Dy 1he data CIecy rgsl. 3nd & frame @an
. e with the Magtpr Syne input 1 dara cinoe g a0 1 588 .
St Convert ook 15 at TH KHE the o S T Wl De Dot

put Begemng walh the teadeng edge o (oruet clon v B e
the B bt word tepeated 1hioughat the Coeers CyCHr 37 1

dara tlock ra1e

Two st dars Yorerars are used Tre RECILEOE 3ma
SR 1407 use My 1w tormar while the MO14A0D Gses & law

LOHIT tarmar Conversie 418 1§ Sroan ot 126 (3l Do

Signi ALw
Code 1 Magnaude e

L ITRE 1

+ full scate T W0oh 000 1 WG g
+ 010 1900 LA ER IR TRE T IR T I e}
- @ €00 01TE oty f oG oige
- lull scate o1 Py L0000 OO0 | OOfT R

Sign
Bu

e, —" s ——
LT

NOTE  Startng hom sagn magrituce 0o change lormar
To Mu Law -
MSB 15 unchanged rsgns
VI raMArnry Seven s

Chord Seet Stepn Seect

o code s 0000 0000 £nange 10 000D 0010 o 2w cate

SUPOTESSIoN}
To A Law -
MEB s unchanged 5gn:
et Odd dumbered ity
GNOre Ief0 Cooe Supiiessan

TOC ~ Travamit Dan Clock. 10C sty e digeras da13
rate of the codec The marmsmar dats Slream wel peg - 32 3
COnBUOuS apehiton ol ne Cutrent tansme data word 3t
the Y0C et rate, beginnag wah MSB tust and syrghrorred
with the [ast MSE The rew data word 15 loaded and seeay
ouTpUT At mud-cyCle of op the leading edge ol convert

clock 8

MC 14408 e MC 14409

ROC — FRacsive Data Clock. ROC conrpls the recewe
dara regrster 7 CIOCKS 1E recene data requster on the traing
sdge wnger the contg FCE It s aften connected 1o 100

ACE — Raceise Clock Enstis The rting eoge of RCE g
goes the recewve 0813 ORSIEY 1 ACCEDE 3 rew daa npul
Abier the gy sdge of ALE me gats on AN 15 toaded nto
e Recere Data Begester on the near mgnt radmg edges of
ROC Tre mnth ciowd transter . the new B bt word 10 an -
lemar eiErmadiate tegister and fees tne Recewve Dog
Register 1o 3 rew ACE

RDD ~ Recewe Dignat Deta, ADD s the nput 10 the
raceose da1a shdt register M Contoiied by ACE  lne
tegstar @ Claceeq v the 1radng eoge of ROC The dara for
mar 15 the Sae as hat ol TOD See dara wung

CCt -~ Convent Clock input. CLI controls the CanvBesion
sequerce A 128 wHz Lotk wel produce BAK bus s hub
Gupies aperangn and A 296K s s clock wdl produce
BAEK Dnt e gL T tw Channgs Siatede CIOCKS represent
e Chan Ceste fram MG e MG

Vpp - Most Positive Suppiy. VDD o8 typCaby 12V with
an apecatae ange of WV o R W AR Q¢ Qutputs swing
thar fG% SUGL Y w2PAQE

PCM COREC DESCARIPTION

Tre A0 1EA06 gna WAC 18407 4 2CM Codecs are desigrec
for ge r QAR WP TPARSIWES AT dnd Swething apnhea
1ors They e compardie wh Both (BlECommumCator
wraraags Tre B0 TA06 pravades Mo law Compandag with
LS8 sgoatng ande e WC12A0T & alows Ataw o Mu fan
Loepaning Dy P selectan The MC1AA0T & does not offer
LS8 swgeanng Bare ae badocted on a monchthie (A0S
Cafust Ariuding Do oede 3ri g al eements

Fraestor and evewe dara Co froid handie digaai | Ganer
tace yam cgepengect ans it and receve Fata Clocks
Tre rergrdes nt e CoQut 8 contioRed py 3 128 kHE Con
st ok GO TRe Dot 300 Gullul sample and hatd o
corts forstrunted wote UMUS nansmussion gates, requre
i DS AR B3 CADACTCTS

The araog $ohivsiers Drowes aulpzereng and wgna
path cartral 1p and tom the 3 e companded DAL An B bt
parall igadabie  SuOoPSSve  ARQIUMIMALOn  fegqister
mgrpuates the DAL s durng both Transrmut an recene
Agdranal g § Lroeded o sgralng Dits, power dowe.
N g oot DAk

LIGTAL TO-ANALOG CONVERTER

Ar 8 Do comparded DAL s tequied tg parliom Mu o
B 13w {050 code modgtanor o the MC 18406 T an array of
5 Sy 0% 05 Frranged n roups nanty weghled tom 128
1 VA gyrreer ey connechon 1§ used such that ab the
gates and sterges o e o ghi el Mgy ace common A
presse setprence Curtert 5 SUNDHEd 10 the lipt o by an ex
e & vottage rete ance and resity Risee lest Crcurs) This
citrent magriude o§ CAUORE N1 Cofrents propoticnat 1o the
SAR :pgister contents They s the 2o rient that altowed 1o
s wie the B2 pen for both encoge and decade tunchons
The ~--qanged chord oliser vollages are produced by
swetcrung currents of 1he 256 undt array mio the B2 outpw

A second DAC aray of 68 dev.ces s used to esiablish the
Steps watun the tange of a wrgie chord A 3-Di DAC sllows
% LSB centencg Prar 1o pertormung 8 conversion all
wenghied grams arg ON warh 3 cutrents swatched nto ann
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rernal “dump’ bus Duting the three Clork cycies tor chord
seatch, the unmeeded chord DAC currpnis s tureed off
Tre cruCidl Switch Changes thus «edueat Curtents that o
completety seitied

One mapot adveniage nt @ cutrent steenng DAC of this
I¥De & tASt 1t may be Ss1aticalty rested wath B bt woeds #n
pleecs 1hipugh The 1ecenve Gals g Gf 1M CROeCs (56 Stanc
DAC 1851t The gusput current ot the DAL 8 avatabie a1 1he
R pen ol the coder ang the DAL S S1ate A0y 1§ 185130
slres product assembly  An cxiginatty |10 V converter a1 B2
DyDasses the Jerong Ceewiry adgwng tuffy S1atm wesang
isee Figure 104

THE ANALOG SUBSYSTEM

The MC 143067 PLM Cadecs plie tre DEC retarek bt
bath encoding and gecoding lurCnins pecause ! the
relatively 11ge O 31a wvatved o g TR stuctee Trasa
signal path biom the analog st lo e DAL and iwoore
aring output bom e DAC mus: tie Lreated Ty JLSTHUTE
vatue fample 3 1d hold CrrCusts. an OO 375 3050 4 L namiade At
acromphen these tunchont  Anaierg Sheinhes sk ose
1Bt Swdly 10 !Eﬁ(gaﬁxle e 3T (R iak FELEL L TR
vanous ietuired modes of speraswe rse Fugure 6

trabiatly the fput o8 Trac eg and ther sarrpiedt yod Pe us
g AGY ang AGTZ i Figuage.g rpgrtTe R e g thie b
WOHAYR [ 3 Cusrert winch bows wec g DAL S et 0w
e SUCERSEVE SPDIQNATANGT DEgrrimg Wett Sut SRt o
produtes the POM wird Tre junchor bevases the DAC
ant 1esstor & Sensed by hE CormDAaTany TR BT

Cogbng detsan At Hame the new B it word s tanste:
e 16 an output 1R anG the analog switem & reconbgured
for aulerern thgure Bbl e ihs minde. Deth INE Comparated
ard ine op amp ferohon n anety gan 1o chatge the et
CAACAnT Wit the §um of thes offsers Th speong wottage
o ther 30ded o SPLBS win the two 3mphlers n the gther
canhguratons This zergmng metnod BpLears sfanc evterna.
T and avoeds (Ole nonse problams AS0HATLE Wil the L et
averaging SCRemes used 10 bRl Loded Oesgng Swgrals ac
coutried o the oo gnhdut on J#IGNG enos AnE enCaunier
m EHas mee depnet

Npst the secewed 8 b word s inaded o the DAC ard
e uiput 5 Chaiged (o the propoer o posic el wohage
(Feguee 601 A1.4 then onhgured as an 10 ¥ converter arg
A3 seeps @5 8wty gt lollower The sige o5 restoted rothe
Gutput Sampie ang Bed 0 3 Bmuian mannet 4% thes st
wnerches AGY S Tne capacaance at the input of A1 g A
4 et G PR ATE CRATUE 0SS O C¥ang L0 wher ~he
LOTATty b INPSD CAnAL TS R e e The cano ol esternal
B o BT guserr aps gl of gl Dy

B0 Ve @1 A2 Fur Goate Vodage o Mu Law

1O Ve BYORZ B od Seane Vonage o A Law

Tras, el Grgan-abor mesnmges the dmpiders e
e Avel Munare ek 1 et MEGUANTES TR o
pop vyt B BAK Bttt sogies apealoe 8 AChewed Wik &
T R convBrt SOk ThAL SEGREEents me fgmye oo steer
T s ryrtes Tre ennee coded can fueg o ar BAK pers a
gl ir WAl e 2B AHEGOck of Can use 3 OR8 adH dara

Lt n tet Pagghe S RELA TANY STERATYS

FGURE § - AMALDG SUBSYSTEM MODES

# - Comparptor Mods

MC14408 ® MC14409




MC14404 ¢ MC 14406 e MC14407

APPLICATIONS SECTION

Figures 7 thiough 12 Mghlight perfarmance and prowsE
apphcauon nformanan for Motgrota's semsiadudions toye

dwgitat switthing Fegure Ta o 8 perlormance abie fop et to
end rests on the MC14407 lcodect ang MUTAETD o
Figure 7b CONMaMS The 1E51 CHCUT USRS 10 Maasure T Lo

farmance I Figure B are DIGied e key pacameness &f g3

Lacking, Quantpeg GSornon grd teuenty TERpene

Figuies 92 and b are the avludl Medu B0 L0 et
piacemerns for 1he Test Coton used 10 make e A i L
messurerments Frure 1018 the test faraed fn mateg e
sranc 128l of the DAL on the MUTADE B 07 codecs o

halp senphly generston of clogks for the coaes Cogs v

cuits ste shown o Fepere 18 Fuatly e Fgure 178 a7an 8
sehemater o the e st rmplermentatan with ot 3 5

a compiete 1elephane hee S

The component « tested by trrg £ RDC and TDC
1o & sngpe clock 1128 My typeat Datg s then e ted
e ROD pen Thas data coresponds 1o 4 FCM dais
weard . for ewatipie. YHIY 1Y for My Law - 2et0 The
nsing edge of ¢, the RLE (chup enable! s typecatty an 8
kM2 sgrat Eunry lrame. 3 new PUM word i sequentat
Ty tocked @ At the RZ output, the cuttant correspond
g ity 1 PO weprd & ean measuted 3t d ompated 1o
a staadard imenretcat DAC This type o1 1est 1§ very
penebcig irgm botn a cos) and techmeal pont of wew
Sratcay eenlathe Aduacy 10 a hvad standacd
merpntly assures nail ctanret pertormance and DacC
PR ORI Y

Sinplitist Chock Circwita, In Frigure 11 two crnits
wheeh genesale the Clacks 1Equired Dy most jelephene
sestems are shown Tigure 11 generares the 128 kidr
Cr1oae the B xHr MSE sigral that the Moworala
codter biter systern gtied lo temeng traem )B4S4 M7

A Endto-End Performance. The Mutgeols oot
HACTAA04 06/07) and hiter BACIATY pecformansce
dats 15 snown i Frgute 73 Thes 1abie contans ine Be
system (PUB 439011 and COITY (0712 spearbcatans
e A waire viice Heguinty Daramete: , i the Lyl oot
urat 5 the measuied perlonmance of the Mot sl
codecitdter pav Thes data  was 13en cwng e
Motorola demo board whose schematic & shawn o
Fuquie 1y ARl of thete measurements wr e ien et
16.Eng " For evampie, [o make & gam measurement for
gae sracking. msert 3 0 Abm Sgnat w3 Vegenty of
§ RHT g the tansen pott ol Chaeme & and rmeasure &
sigrat at the recene pordt of chanrel B Trie gae 5 ther et byt 1he configuiaton shown redules §roup
Ihe dittetence o ey DEtws,  The TTanSTs 30T 1eEVE geiay
pors o Maotoimhy's Subscriber {harnel Linit.

Ar gng 10 erd measutement of s tvpe execses 7 1 The schemabe shown n Fgure 12 5 e
codecs and 2 hiters i T sepatare channeis and 1eguaes wdgstry § frst monattmie {81 subscrber channel
consiStent parl 10 parl vananons 1o obtan e bl whit  ThE grewt comiang the follownyg com
mance shawn . Faguie Ta As can be werchuped by The e RODESIS snd Lunchons
rable. these Components mest the odustty standard a The MCISADT lepdest pedorms  voce
spec:;ued pe'éo'manm , cading an deccdng

In ure B the key an. perforrnance DaramEes
are 9';%’%5“&' d&%onﬁ!r:::éqaqa:ﬂsz TRE tEau RS b Tre MCIEELY iiher provades & Hz reje
of the tws wdustry Slandard spectoatons These ton. tangmut anhahidsing. and cecewve
PrEaSUrBmEnTS Wi Al Ml weTh 1he Tl o fagure resrpraton bie. dunctons  In addiion. two
o The graphs show coMphance wn e vey troe np amps on the MUY are used tor

rangmad Ann adustment and fug

parametess
T tachate customer desge wwng e Kotora The 24 wie conwersions, bauery lfeed
components the layout and patis fogatss Toa thvg 1051 secondaty ghinng Drotechon, wae 1ault peo
crcwt 18 showe s Frgure @ A Custumer Lan Saue 1me ecton and sgnat balance we parformed by
whe SLHC .subsceber loop wierface trcuet)

by ubg 1Ts [Ayout 3% 3 mgaed 1o e QRS 3% Thes
component  placement has been used dor mese whech nciudes 1he MCIATE. MJE2T0/27% and
ADAD i

rreasurements This codec biter (e was not sptrmred

fut component dengity 35 v 5 & T8 bargrs A acrcal ’!hg controlter 1o the lng Calugt & the

production ine casg codec/ Mgy ced ran Le 14 the sre ME1A48 which prowides the capabibty for

of the demg card varabie tme S0 assignmen and bne Crgiat
Static Testing of the DAL for the MC1440406/67 Guperigion  under  ewterngl  MICTORIOCESSO!

Codecs. Motarois's codec 1s desgnred 1o ginw amalog conol

parametnic fests at probe, and hedi restng ath st The cequt m Figure 12 prowides att of the

techmiques What [us means 1§ that s [omEonent’s base tunctons requued for a sngle pasty

DAC performante can be messuted utng wduiiiy stan: wiephone kne

dard dignal test equpment Figure 10 shows e test e 2 Girice these devices were ak designed 1o funchon

ture required 1o messure thes pedlormance 1ogerhes this system olfers the uses vanous unkgue

teatures

susiem Cock W many cases ML and FST iBame
Syrg e the samE, Rowever the Corhkgueaton &
sompe mettad to geres ate the | 536 MHZ clock which s
requeed o SDMe systerms  The magt econemucst
mptnd ol waplementing s CIOEA S TIEUM 15 1o share
e funchon gver many bre crount This § best ac
rormpnsted by petorming the lynchon i the Common
connnrnbarg

(e fugure 110 the crgunt tor generatng LC1 and M St
trom 3 7 048 XMy systeni Clock 1§ showre As wab tne
1R MG case  tne MTE ard FST could be ted

0.y
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Signe! Lavet and Transhybrid Rewction. Tre
systern design prowdes lor mdependent g
atkust 10f the ecene and Trangmt parhs The
remstor RVIX ang the op-amp AT perierm
the tansmet gan adwst and the § to V conver
mon recessary wab the MC319 The receve
gam 15 set by RX Adusiment of hese two
ressions compensate for ah commpgnent gan
vang! org 0 she channed gnit

The parshybrd reacton & controfied by 3
“balance passive gemers (AB m Fgure 10!
For resistve ioon mpedantes 3 hnghe tessor
arowdes i batance ang Tosfeactneg foop o
pedance & reactwe plerment Can be wied
Perfect batance offurs lor only one oot M
pedance, however, ¥ SEIRCHON oF One of twa
palance 1mobdances 1 Adequate g Campen
sate the normal range of SsobSCRDer aDS
15ee MC3A19 dary sheer lor detans !

Powsr Considerstions.  The systern 5
dessgned 1o power towr when the o o5
on hook Snce the proce 5 oo hodk %% of
the nme @ most contrai gfhoe appi-cationt
s 1§ 3 vety key feature In the powet Gown
made, he Batre CHCwt drws 1egs than
10 oWV The power Bowns COTH G 0GR % Suiy
phed from the AT 1ALIR coppioter pon OO
Figure 121 This loge el s routed T the
MC341G ang MOHGT pover down pins.
however 11 1§ Ao TeGued 10 route @ wWite to
1he $AC 14413 titer a5 1he CoURC [HweYs doam
e Llter when the coder nset powess dowes

Al (hree devices are labvaatest o tandad
mety gate CMOS, therafore o the power ud
mode, the MC 14807 MCTA413, ang MCTATR
Graw onty 140 W The totat crowt 003
non 1§ contiolies by The icop length i a o
loop condin B & wans se redured 1 Powe
{he telephone & loop curean lmang «$ 0o
usedd The twa power transsiors Gospare 5
watts ol ths power gng tme MO3E oniy
dissipates 500 W Trus partboreng 1akes 40
vantage of standard low cost packages it
resuits 1 the Dest ischral and economly
sotuhion

" MC14402 & MC14009

=]

Ming Trip/Ring Ensble. The combination of
the MC3419. MC14418 and MC14413 devices
1ogethet  prowde these two  SUperwsion
features fof the Lng oot Under Hrocessos
cantiol, the MU 14418 sets the nnging retay to
g the phane Thes & done thraugh the out
put Q2 When the subiscnber goes ofl noak.
the O cuttent change n the bp tead s sensed
3t the TS mn on the MU3419 Using one of
WIS og amps, 8 ong e nignat s fed
Lack 10 tha MT 1318 which togqies R2 12 reset
tor pet 021 Thus the nng thp funclion s m-
plemented without milerUptng the controt
moCessor

Tana Mant_ The control of superwsion 1ones
ke ha! tong s Spon handied by the MC14418
contrglier A tr. set by the MCT4418 101w
fiquie 12 selects belween ihe  recewe
rghway and the tone olant bus through A
trang s gate

Backpiana Dasign. The Motorola sysiem
comcept atiows 1ot a completety  parafiet
packplane The cugud o Figwe 12 acheves
thes Every wae on the backplane 15 common
1o every other channel i the group This con-
cept  greaty. reduces  assembly cost and
backplare wiing  The des.gn & also quue
fruga wirh the aumbes of contact oins m the
pdge tonnecior A qusd bne card constructed
using the Motorla dewces requees iy n
NS

Daweity. Dwtranecus gates, op-amps. and
external components are avoided {ot the hne
ot Bue 10 1he syswern design of the com:
parents  This results oo a dense po bosrd
tayout Four copies of the sChemanc shown iy
Frgure 12 have been fad out on AT e PC
card The user can #so take advaniage of wme
proved stackmg density o Mg systern due 1o
the tow probie of the SUIC Tradmonal ap
proaches 1o the 5§°IC probiem  using
yansiormers resutted i board spacing of
127 With the Motorola SLIC. board to board
spacng of W are achuevable. thus the user
can doubte the number of ines m s cabinet
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FIGURE 7a — TYPICAL END TO END PEAFORMANCE OF MOTOROLA CODEC AND FILTER
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FIGURE 10 - STATIC DAC TEST eHrort FOR BRE1A40T PCM CODEC
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PACKAGE DIMENSIONS
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Monolithic
Memories

57401
67401

March 1977

First In, First Out 64 x 4 Serial Memory-FIFO

J

Memories

PRODUCT FEATURES PERATURE
. PART NUMBER | PACKAGE | TEMPERATU
e 15 MHz Shift In, Shift Qut Typical Rates o
% Advanced Schottky Bipolar Processing 57401 J16 Military
e tputs . )
TTL Inputs and Outputs L 67401 J16 Commercial
® Readily Expandable in Word and Bit Dimensions
e Asynchronous or Synchronous Operation
& Pin Compatible with Fairchild’s F334_:i_ MOS FIFO and
Ten Times as Fast
PACKAGE DRAWING J186
\ e oooomrinon = 78°
LOGIC DIAGRAM AL LAREL0 - fja=T75C/W
: 8yc~ 35 C/W
En) 4 13 3 11 LA .
9;" ".-1200 ;QGULZJ&LJLZE'J".
Dy 2md  piep 62 WORD frre PR 0 i i
D, 8.3 ineuT xapy QUTPUT Lo ! o, sl B e
DS Z--n STAGE REGISTER STAGE _;0 °3 h al 1
]
1T IT 1T ¥ .
2 15 : T"j‘.::. ——*-
INPUT =] MAIN - SHIFT A il
eaby | ot [N adeisten— vmrur | 00T i .
: CONTROL | R i
) sHIET Jof LOGIC LOGIC ’—1/ rasic | Poyreur SRR R “_EL_ e, J — »“-—C
N READY : ’
Y 1 Y
Cg Ts INCHES MILLIMETERS
N MASTER RESET SYMBOL
i MIN  MAX | MIN  MAX
A - 180 — 4.83
PIN CONFIGURATION b 018 020 M 51
: by 085 068 1.40 1.65
had [ 008 012 20 31
NC.—~—q41 16 "—Vcc SUPPFLY VOLTAGE ) 755 790 19.18 20.07
INPUT READY wd 2 15— SHIFT GUT £ 268 300 673  7.62
SHIFT IN—4 3 14 }—OUTPUT READY £y 280 320 137 813~
- _ e. 090 A10 2.29 2,79
DATAIN = Dy—f4 130, ouTPLT N 125 165 218 G08
DATAIN  Dy—d5 124—o0, ouTeuT . 150 - 3.81 -
DATA IN Dz-—4 6 11 --—--02 OuTPUT Q 016 038 .38 89
DATAIN  Dy—f7? 10}—o0, outePuT s = 070 - 1.78
i S 000 _ 0.00 -
GROUND GND~—f 8 g}—MR MASTER RESET o i w |
Monolithi ' ' '
anohtnic 1165 East Arques Avenue, Sunnyvale, CA 24086

Tel: (408} 739-3535 / TWX: 910-338-9229
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ABSOLUTE MAXIMUM RATINGS

Supply Voltage, Voo
input Voltage
Input Current
Output Current
Storage Temperature Range

RECOMMENDED OPERATING CONDITIONS

-0.5V 16 +7.0V
~1.5V to +5.5V
-20 mA to b mA

-100 mA to 100 mA .
-65°C to +150°C

‘ MILITARY. COMMERCIAL .
SYMBOL PARAMETER UNIT
MIN NOM MAX MIN NOM MAX.
vee Supply Voltage 4% 5 55 | 475 5 5.25 Y
tA Operating Free Ajir Temperature -55 125 0 70 °c
AC CHARACTERISTICS with Standard Load
57401 — MILITARY - $7401 —~ COMMERCIAL
SYMBOL FIGURE 5 £10%, ~-55°C to +125°¢C 5 5%, 0°C to 70°C
MEIN MAX UNITS MIEN MAX UNITS
fin Shift In Clock Rate 1 7 MHz 10 MHz
1SHH Shift in High Time 1 45 ns 356 ns
1SIL Shift In Low Time 1 45 ns 35 ns
HRL Input Ready ON Delay 1 60 ns 45 ns
tiRH Input Ready OFF Delay ] 80 ng 45 ng
Hps input Data Set Up 1 10 ns 5 ns
tIDH Input Data Hold Time 1 55 ns 45 ns
fouTt Shift Out Clock Rate p] 7 MHz 10 MHz
1SOH Shift Out High Time 2 45 ns 35 ns
tS0OL Shift Out Low Time 2 45 ns 35 ns
1ORL Output Ready ON Delay 2 65 ns 55 ns
t0RH Output Ready OFF Delay 2 65 ns 55 ns
tODH Output Data Hold Time 2 10 ns 20 ns
00s Qutput Data Delay 2 65 ns 55 ns
tpr Data Throughput Time Note 1 4.0 s 3.0 MS
tMRW Master Reset Pulse Note 2 30 ne 25 ns
IMRORL Master Reset to OR Low g 65 ns 55 ns
_IMRIRH Master Reset to 1R High 5 45 ns 35 ns
- tMRS Master Reset to Si 5 45 ns 35 ns
tPH input Ready Pulse High 4 45 s 35 ns
HPL tnput Ready Pulse Low 6 45 ns 35 ns
tOPH Output Ready Pulse High 3 45 ns 35 ns
tOPL Output Ready Pulse Low 7 45 ns 35 ns

NOTES: 1, . This parameter defines total time from the time data is present 2t D —D3 to the time it is available at Og—04 with FIFO

initially empty and total time from the time data is extracted from

2. Master Reset clgars the 57401/67497 to the all cells emnty state,

0-O3 to 1R High with FIFQ initially full,

-




TIMING DIAGRAMS

INPUT (e

READY t __J
L IR L "“RHH
r—-—————n—ﬂu\

SMIFT e
1
Nl 8IH romsm—— ]
DATA .
ol S E— l

YDS 2 VFpy o

1. input data must remain stable during typg and 11oH,

2. Input Ready HIGH indicates that space is available and a
Shift In pulse may be applied. Input Ready LOW indicates
that the FEFD is full or that a previous Shift In oparation is
not complete. Shift fn pulses applied white Input Ready is
LOW will be ignared.

3. Tharise of input Ready indicates that the data at the Po-D3J
inputs has been sccepted and that the input stage is empty.

Figure 1. FIFO input Timing

SHIFT N / *

SHIFT QUT i

OUTPUT

e——tpr
READY - il TOPH N

1. FIFQ initally full,
2. Shift In held high {as shownl.

Figure 3. tpopH Specification

OUYPUT‘OR! | e
READY k
ORL ™ "“—“‘ORH*“"I
SHIFT  opyy
out %
i 1SOH

33?‘ (0o} | PREVIOUS DATA GU}@( NEW DATA QUT
| DY Litops J
- oyt

1. Output data will be stabte at the rise of Qutput Ready.

7. Dutput Ready HIGH indicates thet data is available and a
Shift Qut puise may be applied. Dutput Ready LOW indicates
that the FIFQ is empty or that a previous Shift Qut operation
is still in progress. Shift Dut pulses applied while Shift Out
Ready is LOW wilf be ignored.

3. The rise of Qutput Ready indicates that new data has been

loaded into the output stage.
Figure 2. FIFD Output Timing

SHIFT OUT __/""'\

SHIFT IN _..___.___.._E_....__..__......._._u_...mmu--m
' |
mPUT e T :
READY
e tPH

1. FIFD initially empty.
2. Shift Out held high (as shown),

Figure 4, typjq Spscification

1. FIFQ initially full

Figure 5. FIED Master Reset Timing

J,tSD L

|
1

INPUT READY A

SHIFTINA

f tpy

OUT READY A/SHIFTINB

»l 0OPH je——
) B,

IN READY B/SHIFT OUT A

DATA A/B

NEW DATA {FROM INPUT)

—«—j ;—-M-HPL
v,
A

QUTPUT READY B

DATAQOUT B

J NEW DATA

Figure B, F|_F0!FE§-’Q Communication: Empty/laput Timing

_J




QUTPUT READY B

SHIFT OUT 8
b T tpH
IN READY B/SHIFT OUT A y L
' topL
OUT READY A/SHIFT INB \_| *
DATA A/B NEXT WORD
‘?T -t
IN HEADY A X

Figure 7. FIFQ/FIFO Communication: Full/Output Timing

STANDARD TEST CIiRCUIT
5000

Veg O——AM- l

Input Puise Amplitude = 2.6V
input Rise and Fall Time = 5.0 ns from 1.0V to 2.0V
Measurements made at 1.50V

£ OUTPUT

30 of 12000

DC ELECTRICAL CHARACTERISTICS :
OVER RECOMMENDED OPERATING FREE AIR TEMPERATURE RANGE UNLESS OTHERWISE NOTED

B SYMBOL PARAMETER CONDITIONS . MiN MAX UNIT
ViL Low Level Input Voitage 0.8 vV
VIH High Level Input Voltage 2 \
Vic Input Clamp Voltage Ve = Min, = -18mA -1.5 vV
b Low Level Input Current :
Inputs Dg-D3, MR Ve = Max, Vi = 0,45V ~0.8 mA
Hio Low Level Input Current
_____ Inputs Sk, SO Vee = Max, Vg = 0.45V -1.6 mA
e High Level 1nput Current Voo = Max, V= 2.4V 50 A
Iy Maximum Input Current Voo = Max, Vp= 55 1 mA
ice Supply Current Voo = Max, See Note 1 150 mA
VoL Low Level Qutput Vaoltage Voo = Min, lg = 8mA 0.5 v
tos _ Cutput Short Circuit Current Vee =Max, V=0 -20 -89 mA
] {(”“ VoH High Level Output Voitage Voo = Min, ioH = 0.9mA 2.4 v
NOTE: 1. messured with worst case sequence; FI1FQ reset, one shift-in cycle with data inputs held low, measure Eoe with all inputs held low.

FUNCTIONAL DESCRIPTION
Data {nput

Data is entered into the FIFC on Dg~D3 inputs. To
enter data the tnput Ready {IR) output should be HIGH,
indicating that the first focation is ready to accept data.
Data then present at the four data inputs is entered into

the first location when the Shift In {81} is brought HIGH.

AS| HIGH signal causes the RI to go LOW, Data remains
at the first iccation until St is brought LOW, When 51 is
brought LOW and the FIFQ is not full, IR wili go HIGH,
indicating that more room is available. Simuitaneously,

data will propagate to the second location and continue
shifting until it reaches the outpust stage or a full location.
¥ the memory s full, IR will remain LOW,

Data Transfer

Once data is entered into the second cell, the transfer
of any full cell to the adjacent {downstream) empty cell
is automatic, activated by an on-chip controf, Thus data
will stack up at the end of the device while empty loca-
tions wili “‘bubble” to the front. tpT detines the time
required for the first data to travei from input to the
output of a previously empty device,
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Data Output

Data is read from the Og-0O3 outputs. When data is
shifted to the output stage, Output Ready {OR) goes
HIGH, indicating the presence of valid data. When the
OR is HIGH, data may be shifted out by bringing the
Shift Out (SO} HIGH. A HIGH signal at SO causes the
OR to go LOW. Valid data is maintained while the SO is
HIGH. When SO is brought LOW the upstream data, pro-
vided that stage has vatid data, is shifted to0 the putput
stage. When new valid data is shifted to the output stage,
OR goes HIGH. if the memory is emptied, DR stays LOW.

Input Ready and Qutput Ready may also be used as
status signals indicating that the FIFO is completely full
{Input Ready stays LOW for at least tpT) or completely

_empty ({Output Ready stays LOW for at least PPl

&

Expansion

FIFOs can be connected serially to form farger effective
FIFOs: i.e., two 64 X 4 FIFOs can be connected to form
a 128 X 4 FIFQ, as shown in Figure 8, This is done by
connecting the data outputs of the input side FIFO, A,
to the data inputs of the output side FIFO, B, and Qut-

_ put Ready and Shift Out Pins of the input FIFO, A, to

the Shift tn and Input Ready pins of the output FIFQ,

.B, respectively.

i both FIFOs are empty, the Input Ready/Shift Out
pins between the FIFQOs will be HIGH and the Output
Ready/Shift In pins between the FIFQs will be LOW. if
the Shift in pin of FIFO A is clocked, the data will prop-
agate to the output. This will set the output full indicator,
causing the Output Ready/Shift in combination to rise
temporarity, However, since the input Ready/Shift Out
combination is HIGH this enables the Shift Out clock
and the full indicator is reset immediately after the rise
of Qutput Ready/Shift in. The result in a positive going
pulse on the Qutput Ready/Shift In line which is tOPH,
Output Pulse High (empty), as shown in Figure 6. The

FtFQ chip is designed sueh that this puise is greater than
the minimum Shift In High time, t§iH, The teading edge
{LOW 1o HIGH) of this Output Ready pulse indicates
that the new word is available at £1FO A's output. This
LOW to HIGH transition on FIFQ B's Shift In causes
FIFO B to load the data from FIFO A inta B's first
linputlh word. FIFQ B responds by taking the fnput
Ready/Shift Out combination LOW, The trailing edge,
HIGH to LOW transition of Qutput Ready/Stift In Puise
atlows the word in FIFO B to propagate on 1o its output.
Once propagation has begun, FIFO B will again raise
tnput Pulse Low (empty). The FIFQ is designed such
that this pulse is greater than the minimum  Shift Out
Low time, 1501

Chip-to-chip communication for the case of two con-
nected FLFOs, both full, with an empty location bubbling
from the output to the input is similar to the both-empty
case described above. When both FIFO A and B are full,
tnput Ready/Shift Out is LOW and Output Ready/Shift
in is HIGH. When an empty location bubbtes from the
output of FIFO B to its input, tnput Ready/Shift will
temporarily go HIGH. Since Output Ready/Shift In is
afready HIGH, the Shift In clock is enabled and Input
Ready /Shift Out wilt immediately go LOW. The resultis
a pulse on the input Ready/Shift Qut line which is tPH,
tnput Pulse High (full). The FIFO is designed such that
this pulse is greater than the minimum Shift Out High
time, tgoH. The leading edge of this pulse will cause
FIFD A to load new data at its outpuls, and the trailing
edge will cause the newly created empty focation 10
bubble through EIFO A. The rise of the Input Ready/
Shift Out pulse will cause Output Ready/Shift In to go
LOW. Output Ready/Shift In wili go HIGH again when
new data has been loaded.into FIFO A's output. This
creaiesanegative pulse on the Quiput Ready /Shift In line
which is topL, Output Pulse Low {fully, The FIFO is
designed such that tOpL is greater than the minimum
Shift Qut Low time.

FIFO B

FIFO A
- SHIFT IN ————g S| OR
INPUT READY et 1R 50 ot
-4 Dy Cp
et D‘ . 0;
DATA IN
R  a D2 02
pam—— " 03 R 03

MASTER RESET 0 i

Figure 8.

- o0& by QUTPUT READY
R 50 fotme— SHIFT OUT
w1 D Qg i
ot O N e
DATA QUT
30, : Gy
'
»-10; % O3 pm"
128 X 4 FIFO




Wofd Length Expansion

Expansion of the FIFQ to a fonger word length is ac- Figure @ shows one way to eliminate any potential timing
complished as shown in Figures 9 and 10. Careful attention problems. The gates and flip-fiops are used to generate a
must be paid to the generation of composite Input Ready Shift in or Shift Qut pulse independent of the Shift In or
and Dutput Ready signals. Because of device-to-device Shift Qut signal. The gating insures that Shift in does not
variation the Shift in {51} to Input Aeady {IR] delays will go HIGH untit all iRs are HIGH and does not go LOW
be different on the Input FIFQs. If a simple scheme such - untif they are al} LOW. The output gating operates in the
as shown in Figure @ is used, then this variation must be same way. The only restriction on Shift In and Shift Gut
altowed for, since composite input Ready will go LOW are that they must be long enough to clock the flip-ftop
.as soon as the fastest R goes LOW, but Shift In cannot and that they must occur after the composite Input
go LOW until all three |Rs for the input FIFQOs are LOW. Ready or Qutput Ready signal.
The user must provide sufficient delay to insure this,
L W W 50 SHIFT OUT
£ o8 St [+L) i o8
—.. 25 §5a os B 8 tio e
"“""001330‘ g?ggﬁz Dy 1R Dy e
—fe, @ By %y Crgp—
=191 hd oy a3 3y Oy p—
R i AT 13tH
COMPOSITE : : 8 W <
INPUT READYG o o L a . o :D——-cowosms
(C S S =. QUTPUT READY
" wnnsgﬂf 5}322% T
E LI~ s BE S
L 157 22 oy Ly
—t 1y Gy oy Gy
ME R
1 e
[t 5 " £ w 8¢
SHIFT IN 51 o 5 c 5 i
—f0, 55 % 055 5 -5 .
—gs, @y 3 e s Tt B
v 3 g N s oy [ SES—.
R AR PR
i b ? MASTER RESET
Figure 9. 192 X 12 FIFO — Unlatched Control Lines
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\ Figure 10. 182 X 12 FIFO — Latched Controd Lines
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