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C ABSTMACT . . e
- The lppllcatlon of digltll log!c technlqoes to Halsh Spectral . "

Amly;ls ls consldered. Speclflc advances are achleved in- the areas of

\h!sh functlon generatlon and spec{ral analmr arlthmetic processlng. .

. o
. |
[y

The Halsh functlon gencrator featurcs s dual ortlmqonal output ’ .

uhose sequcncy ls detmlnod by a fully-decoded 6-blt pan.:lel binary

lnput. The uqueﬂcy progru-ablllty feature is ecomnically\uplenented

hy two Blnary hta Multlp) Iers and-a 6-bit pnrallel full g.dder. “The rate

'y

mltlgller outputs becoun toggle Ioglc functlous uhlch arc fed to synchro- o T

I—-«m-4—r s ’,

'mously clocked T-typa fllp-flops. The‘resulunt \hlsh uavcs uhib!t an.
".ortMonallty crror on: I:he order of nanoseconds due%nly i the dlfferencc

in wltchlng tlm betmn the two mb-flops. The‘mnplt te Ha‘lsh”funct'aon o
) - 7. T S

,gmntor l-plmtlon to a -ui-n sequoncy of " 63 requ: “es ‘only 7 L ey o
VA

,Intogratod cl,rcults._ The gmntor deslgn Is l,nheren:ly ‘lcxlble and may,

b. odaptod to very hlgh spood or. to low poucr appllutlon* and. also to

".\blsh arny gmrltlon. e ." 7'_- o I -# ‘_ o
. Thc Holsh Sp.cm! mtmr deslgn presenl;ed is : :Qé'xm;_;;m r
l-pienented wlth Hedh- Scale. lntcgrar.ion dlglu!\l\ogic curcnits. Diql'tize& ’
sanplerp" :hc pcri'odlc amld;uc lnput nvaforu‘rare provu ~d by an lnput -) B
_ s-pllng Skcmposd of an m!ogue-t,o-dlglul conver.cr preceded by ) .' }f

‘ ”lo-r-pu; ﬂltm and a saple-ho]d -odule._ low-pass f-lt.ers assure ,

'-Vj-mc with the Semp}Ing mncm. for input signals of m bandmdth i

._ aai-thc p-plc-b‘ld -aduh clrcuvonts voltlge rato-of—change Hnltttions at "

g e

. \_4"_ e S - ) ot Lo
. Sy . L ' S . : : - o N W s
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' the cn‘aloguc-to-dlgltal ‘converter's input. - A Time Period -Genc'ator-Dividcr ;

Yo ¢

supplies the Halsh cycle Interval clocking pulscs to: the \Ja!sh functson

&
generator. ond a Dual Arlth-etlc Processor reccwes :hc digitized signal’
3 &.ﬁ : .
ples and. the sal and cal values and produces the Walsh cocffnccent.'o. As ‘

)

and . B . The geoerator-divldér alkcs cxtenslvc 'usc of four-stane !n.tcgrat'ed

counters. ochlevlng perlod mwra‘ont and TIG‘I interval’ goneratlon to 0. l., o

1 e -

tlnlng accuracy ultb only I lntegrated circuits. The ar:ltl'l'oe':c processor

simltaneously pe'?foms sdgnea accumlatlon und programable dwision whlch

- the ou ut coefflclcn: uhich ls depondent on the Input- vcfor-: per-od. ahe

@

"'Ual.'sh_" ﬂclents are anl!able lmed:ately atothe end of thc econd cycle ‘

‘ Perlod. ‘I’ha lvhlsh coefflclents are aVallabie ln Binary-Coded Yecimal forma:

and lrc oas"" nornallzed wlth rupect to the Input woveforu an.noguc .

| voltage.~ Anol er systg contro} is straightfomrd and lends itsélf: easnly

_ . S
. to speclal-purpo hard-wlred Ioglc inpluenutlon or to lnter acing mth a

”_-!nlco-pu:or._. The Iatter nethod provldes on-llnc reol ti-e Ha»sh Spectral

‘f saoples tern In t output (:oefﬂcicms. Bccause of

. o -
— vt o
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LI “ \ 4
polarity Yoo T ”‘f‘*'
, oy _ - .
diqj:izcd”pnalopuc valtage sample (hth)
: : - - —‘

rerainder counts\(Xime mecasurement)
. ' \ . -

,}cqﬁcncy-(normaliicd)_." '

max iU sequenty o L
sian

: P . _
status of A/D converter {inverted togic)

Sazple Counter _‘
;samélé-ﬂolé (H@dgfc}_' B ;-' ‘ -. ey
Samplin§~agkc Géncrator'
'? Samblinglﬁgfb Siqnal |
' Svstcm:CchR> * ,‘_;i.\ﬁ' )
._Dcridd.éf ahaiygug wq;;fdrm
-.:Jpcr:ure t‘imé__"-' - ) o L
gonfcrsioa time © r.'lf:- o
clock period . .
tfafns.i,s‘t‘tii'-‘trans'c'_s.:tor-log‘ic, o S I‘
® . Y - . -
peridd of Walsh. 'int‘cr\'fa"l_ : _ B
up or down countrl.er'._-'mod.g_; control . |
~'inﬁut véltagé T

max imon’ input vo!tage

naxrmum inpUt voltage acceptcd by AID convcrter S—H module :

" ’—

b:nary state*countcr output varlitlf

-

Coxiv

L maxirm input voltagc acccpted by AID convcrtgr
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Arclynis of the audio dnd sub-audio frequency ranges via a
F] ir

Valsh Speciral Analyzer is an dtiractive alternative o the rore com™on

.

CWave G Fourier Aralysers.  Conwentional wave analyzesafor periodic
. .

clecirical vaveforns arcicnastrucied witheanslogue ¢ircdit ‘elements

which ruet b adivctanle, occurately calitrated and stable. Thése
requirciehln pose qrcneéxgdifficu}!ics with decreasing freqguency, ‘and

a3n added provtenm s the Tongy measurercent tice, often several cycles of .

the inpur siceal, necded tncpreoduce the resuli.  However, Walsh.
. ' ' ” A .
tpectral Analysis via cinital technigques docs rot suffer any implemcatation

- " L - . . . =
* penalty with decreasiny frequency.  The digital Walsh analyzer produces
tre spectrel coefficients in only one cycle of the input waveiorm,
= ~. : . . ! ' ) : , ° - .o . - \ . X
"~ 2fter the waveforn period is knowih. Cnc additicnal cycle s reguired

. %9 medsure the period. . Rlso;'thc:digizgl HWalsh dnalyzer ‘can operdte .

ik

I

well into the audio regicn §ddAstill produce cocffiﬁicn:s after only

-one cycle of the irput waveform. -yiv = o ..
. . - .-;- - . - . . .

‘éso'Spéctrai analysis via Yalsh functions Ay be described bf[n

comparisoh with the rore familior Fourier Analysis. A pericd?c.waveform,

£(13, g2y ke expréssed as a Fburicr'scries:_‘ﬁ:: - ) .

| SE(r) = oa, e Z;[ancos(ngat) + bysinlnw,t}] - (Q-1) T -
- : , - Ae . T ' -
where . R .

fTrter e

o

4
1]
4

—iny ]
o

f{f}cqs(nubt)d: (‘”3) ‘
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l{;)ain{ﬁwut)dt . . (1;5)_.

H N

bh .

Phe period of the fundamestal! frecuenzy s T, The coefficicnts ag

T o -

-
1

I
W

ity

ang tb provice nferisation rcia&ivc tohaTionics in the “'frequency”
’ : . ’ . : i w’ — -
. . * - . N - . - L3 - N hd J"" - N
Gomiin wheress Walch analysis yields harronics in. the,''scquency’ ™=

domrin. Sequancy refers 10 rero crossings por second {2ps) whercas”

- Ttrequenty refors te évaics per sedonad, | lHowever, there is still
. S : b ‘ ’ '

ESTEE
* [y

.

Fily te the Valsh suories expression’of a pericdic yeveform #(z):

Ly

] (L} : v

ST () e A+ T AR cat(s,u) ¢ Bgsal(s,2)] (1-5) .
T (%) S“I . . . . N . . -
veere - o . N
B - . ] . . ‘ '.. "
. R S e - ”
. " L f ( ' (1'6) .

Ag 1. ".f f(tical(s,0idgr L _ -'.l' (1-7)

B, . =z faflt)sals,clér | ' (1-67 .

- 7hc‘biqarf1valuéd Valsh fumctions sai and cal assume only the vaices

of +! ang -} and 3

.

re casily compatibile with binary;valucdﬂdigital
\ . ; Y !

——

logic circuits. Once the Walsh coefficionts—are caleculated, they may

. . ) o . g . P o
be converted to Fourier ceocefficients, if desired. : -
- The digi;al'walsh analyécr prcsén:ed.in'this thesis is .

[

develeped f?c5_thc-¢csicn,formquy considered by Siemens [1] and

rccoricd ﬁy/éiqﬁén: and ¥itai [2]. ﬁdu;:;n;s tl-?) and (£-3) are -
igplcgénicd'asla-aiscrctc'%ﬁiﬁh'fréagform,(vai in which the pericdic ;
;iﬁput Qa#c?crw, f(f)?‘¥§‘;dmp[c&.ané higfgizcd._tﬁps;abloﬁfég fb# Ualsh.
cggfficicn;s to Sé“&ctﬁémiﬁéarcoﬁp}gt:ly in thc‘dfgital.réglm. ﬁhcn )

. »

f{z) is periodically sampled to provifle Q. :hc_gigi:izéd vaylue of the -

sampled. analod voltaqe, cquations (f-?) pnd'(l-al'bcﬁomc;:hc

- ' . . . N 'ﬂ?.g"l“-
. : . . . Lot : : o S S
instrument eguations: Ce e . l . : : K
. SR ] . . .
’ - . . R o : L ) - \
. - . . -
f - -
- ’ | i s
.
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s e \
. .
o pot . - : - o
» Max g et ~ . .
I D) to, fsaifqdeat (=,0), (1-9)
P o _ ! S
Veax P - l | | Y
[ PSS ] r RIS .— ‘
-8y S 1l dsenlegisal sy (1-10) . -

. .
R

L.

Lo . n,‘,"‘
coﬁvur:vr's-qunn:;za:JOn sta

2 . . :
*at the time of each sample are a funztion of
Cand 3, the Yatsh cvele interval.
[

-

and timing ogerations indicated

™

Gremerator=divider which prosuces the, Valsh cycle intervalt zloc

“pulses forTany saveform period,

‘band-limits, samples -and digitizes the:inzut waveform, 3). a Dual

Y

Arithactic Procedsor which cxccutcs‘th%

Extensive

e .

tes

ing the cycle, Thc«(ﬁfqzz.;;’:hc sal and cal functions

“The digital Valsh analyzer implements all of the arithddetic

denotes the maximum voitadc_:hicﬁ_may‘bc présenﬁéd to

.

fa ]

The term B ogives ‘the nu=ber of

» the s¢quency order,

.

in thr ibstruncn: cquations via diqital

L .

The furctions reguired are provide! 5y 1) a Tine Period

king

2} an (nput_Sqmg!ing Systcm whizh'

¢ -

instrument calculations, and

Lk} '3 Waish Fqnction‘ﬁcncrp:or which prbdqces the sql'ﬁﬁd cal values.

use of Medium Scale. Inteqration (¥S1) multi-function

-intcg;a:cd‘circu{:s'rcqulrcs only 70 intcgrat;ﬂ'circuits to perform

3

these analyzer functions, excepting only the analogue and conversion

.

.»modu}éé-uscd.In'ghc.[npdt\Sampiing-Systcm.' The analyzer system

opcrates over 4 decade ranges of input signal fundaméntal.fréQUcncy,

the highcst range being 5.0 Bz - 50 Hz. -The low frequéncy limit is

' analyzcrfs.oyc(S:ion. Yhen the

to bcrﬁﬁhd-i?nitcdﬂto no more
. A .

-

than 32 harmorics

"set 3t 0.005 Mz, but there is no theoretical lower 1imi®% to: the
. ¥ - L : AR

input signal to be analyzéd 5. known

LY v
of the fundamental

S

analogue-to-digditat (A/3) converter,and p represents the number of

EaN

o

TR

R R TR P A TV

“
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" freguer nLy, the. upper’ fuq“ancntnl frcqucncy lusut of thc hlqhoﬁ' range
) . ) . : _;." R ‘
3 Ty be cx:cndc:‘..!o 150 Hz. S ' . ' ‘,
. Chapter 2 presents the.Time Periad Generator=Divider which
. ‘ . T .

nroduces :hc Walsi cyclé inrterval clock[pg pulscs. §Thclgcncrator‘<

s ’_f

'd'?-.'idcr h:’ t -‘O r":OtJCS 0. Opcr.‘]' I/Q'i. U“c flr : f‘podc corr(_sqon 5 'tO'_\..thC

i |

L

first cycle of the analogu€ wmu:fo:'"1 in HHICJ a'nnangc of pcr:od T

v

is cs:ahlishcd. The” second mode corresponds [c the havcforn's second,

cyclc'uur:r, which the Ualsh"dcefficicnt'célculc:ions are made. - hfter
e ‘ | ' '
the s rt of.zhc sccond cycic the runcrator dgivider produccs an

-:.tcrval cloch pulse cach T/Ba seconds. Th;Sc pu{ﬁcs arc fed to the
fA.ﬁgiﬁh Functiop Gcncrator. !

The.generator-divider obtains its reference time period froa

;T the spectrai analyzcr 10 mcqahcrtz systcmhclock. Timiné error %igurcs

Y

ark discussed in two arcaS' pcr:od (T) mcusurcﬂcnr and untcrval {T/64)

. gcncrat-on.‘ tt is shown that tnc gunerarcd lntcrval clock pulscs are ..

.

accurate to within 0.1% for all ‘analyzed waveform fundhmcn&a! input

» S/ . !

freguencies. This accuracy is achieved with a gencrator-divider

design requiring onIy'IL intcgratcd circuit MS1 modules.

Chap:cr 3 cans:dcr' thc prdb#ens of samplnng and digitizing

3 persodnc uavc orm of unxnown bandwldth CTwo approachcs are discussed:

- « -

the usc of a varnable sanpllng ra:c which allows the same numbcr of

sarplcs to bc madq for a wavcﬂorm of . pcr:od T and a fnxed sampling

o1

© Lo

rate Hhsch rcqu:rcs that thc Ualsh cocffcc:cnts be calculatcd fof any

-~ - - \ -
' -

'numbcr of samolcs. The f:na! Qg51qn for the Inpgt Samplnng Systcm

D .
-

fcaturcs Opcra:non over four decade rangcs u;th a fsxed sampinng rate

for each range. This allows a-loy—pasg filter wzth a f.xcq cutoff

~ -

R YL LIV TV Ve

A pa e WP
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% ‘ \ .
. 5 %\
\\
S , . ‘ : ‘ TN
frequency to Le uscd with cach range and also mdintains the numbe '\\ '
of sandeas: bct;ci;n 200 and 2360. The highest sampling rate is®o \

Litobersz which 3510411 hc a minimum tinme of 100
& a.

. which the A/D conversion must cocur. - A sample~hold\module is required . L
: ) . N ¢ . - ) . i

‘Aoccircumvent voltage rate-cf-change limitations at jhe A/D converter's
'ir",.pu[‘.,‘ o o _ ) . . ;

e

Thc_Dmal,Ari L! ic Proceasor s PFLSCnlcﬂ in Lhaptcr & ‘Thiso

subsysten perfores the calculation;-dictatcd by the instrumcn: cquations

.

The progra=mmable ov low divider combines the functions of signed

.
PRTSE TR AR Y

o ]
ac5qmuiation ang variablesnodulus counting to providc division by H,

the n- wer of somples made ourung ‘the calcu!atc cyclc. The term H'

.- ~

e 4 -

R AL R L]

;s mage ava:!ablc at the cnu of thc tine pcrlod mcasurcmcnt cycle -by
a Spcclal counter which is c19ckcd by thc sannlrng ratc signal. The

COeffncucnt outpu.'accumulators fcaturc a 3- place fractsonal BCD - S

&

.
Aatwaisin b B

forra;. the 3ame forna; of thc A/D cbnvcr:cr output. thus 5|mpllfylng

fnormali:ation of the output coefficient with respect to the analyzer .

.nput voltagc.

-

Chap:cr .S tontains the Lalsh Func:son Gcncrator. _Thc.dcsign
s ba,ed on thc man;pulataon of T‘typc flap—fIOp togglc lognc functuons
to achncvc scqucncy progrmunab;!J:y of thc dual orthogonal ualsh Outputs-

The dcravcd toqglc 10q:c funct:ons are. economncally Inplcmcnted by a

PE

Bihary Rate Hul:npruer antcgratcd cnrcuit.' Thc rcsultung generatar | .

-

provsacs orthogona! Ualsh pairs to a scquency of 63. a Synchronnzung

. . - “ .
. W
. .



T T TR

capacity. Adaptation of the design-for array generation is 2lso

oustpul, an ead-~uf~cycle indicator, and requires only 7 intcg;f;cd'
. o, ) : . - . ..F“/ ’ -

-circuits.  An acditional feature is wery low orthoqonali:y &fror of

'\

a few tens of\rﬂg;EECOnci. Juc only to differences in Jattcisng tuan

bctwécn.synchronously clocked flip-flops. = = . T

_ _ ‘ _ Lo i
NVariations of the tasic Valsh Function Senerator Jdesign are

&.

prevented, dicfussing both-thc gcncrator structure and hardware .
- - - "
impletentation. Slncc the Val,h anals'cr ocscrabcd ‘in this thes

reguires walsh-pairs to a scqugncy of only i, a mcthod fei reducing

b

Einary Rate Multipliegrs nay be cascaded to cxpand The gencrator's
. . ~

¥

possible. Eard»hrc imp¥uncntation*aitcrnativcs'arc-Scho::ky-Claapbd

the sequency capacity of the gencrator is presented. Also, additional .,

7L to unchu'c the gerﬁ—axo' c!ocbnﬂv frccucncv from thc-IQ mcqahcftz'

" - -
n

rcc10n to above 50 ﬂccahcrtz wh:ic rcaucnng ortwugonalxty t0a few
nanOSCCOndS. and Low Power EHOS to prOVldc-a flcx:ble Ualsh Functnon

Gencrator with‘extrcmcly Iow powcr rcruircncnts._ U

»

Chao'cr 6 cons:dcrs the -alsh analyzcr as an operatung systqm
. » - - -

and dqtaals the functlon of. cach of thc Subsystcns. Add:teonal ..Ti

"

cconomy‘in‘ : lcrcntatnOn ls achncvcd by corbanurg the dccadc rang;ng

countlnq c:rCU|~S into onec subsystcn lech prOVIucS both sys:cm clock

‘ and s:nplhng ra:c sngnaI for the entire analyzer.” Complctc analyzcr_

'opcrating con:rol rcquircs only two nodc controls and five rcSut

con:rois._ Decade range sc!ectnon mu,t bc prov1ded to thc clock

o

circuits and o thc_lnpu:_Sampl-ng System and sequency P?°grammrns"\\§

-

to the: Valsh Function Generator. .

. - ~

Chapter 7, the conclusion, summarize® the major -features and

-

Ny 4 h i iRe e

0
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,. to spectral lnllysls. Efficient operation and economy” of mplanentatnon

; (‘\\':"1. .

LR

!Pﬂlflutlons of,.thc Digital Walsh Spectral Analyzer. Also mdlcated -

are dlrectlons along which further Halsh amlyzer dcvclopmcnt might

. > Pfoc“d. lncludlng a possible systcn ncouﬂgurnlon depondmg on dlgiully

progra-nble analogue couponen:s which may bécome available.: Furthcr_

investigation of low power hardt.are" lmpluontation is suéée’sted.’

The Digltai Halsh Spectral Amlyzer deslgned and constructcd in

-

this thesls pro_]ect has demonstrated. o straightforward yet flcxtble approach
csp«:hlly chancterlze the design advances .presentod in thcsc areas:
-_..thc \hlsh_cycie_ lnterval' or T/64 g_enerator which uses both

| . ‘counting md'storage funotioﬁs to.,achie‘vc 0._.1?, __timir'ig.,aécurac:y '

'uhlle using only n intagrated circuits, - L e
-_rthe dul arlth-etlc. processor wh-ch slmltancous.ry perfoms

signed accu-ulatlon and progrmble division to ciiminate the | . 1

mnber-of—uaples term. H. In thc Ua“lsh outpUt coefficlents and |

- the \hlsh functlon generator which prov-des chucncy programble .

.dual orthogonal Halsh outputs with tremely low orthogonality

:
-
<
»
-
s
.

- crr.or.whlle requiring only 7 integrated circuits. -
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! ‘ CHAPTER 7
o
TIME PERIOD SONFEATOL-DMDER
N L Iy
- .o . . . - i
2 tertroduss ion
. . . .\ " ' ! .
. - . . ~ - . . 3 .. . 3 * . . T . N
the ecpproach teo,tice veried divi-lon via digital reane as oriamally
0 . : . ’ : st - ' ' L .

T T . * .o .o . R : . .
reror el By Lierena {3) J0 epraidered. The funda antal Telaticrahips .

. B : ) . .
et Nt e Uirde Tt wale and Swltehin . e e R e
B Pl o« COaRLCerVe s ang YWl ng o rchanise s a6 used 18 this

7

R .. 3 . y . IR
redthe are derived.  Tozue derivations nrovide tne basis for a detailed

o ‘.‘. N TP . . e £ . . )
error ralysin yielding the Tinits af freguency ranges over wihich this

-

-

~

eetihng cay be used ard the rvbpcctﬁvc scecuracy finures for thuye rances.

Atimet cirtuit cenfinuration for the gerergtor-divider 149 presented and
. . S
. ' . ’ ) - ¥
118 Cperating characterisiics ond tinming acguracies are indicated. : ‘ s
* - N - - ! T - !

T - . .
The barcdeate implenentation 'of thé {inal qumeratar-divider desinn

. . AN 2
manes extentive use of the multiple func:jonsfpfﬁvidcd by NSl counters .
. l. . .- [N I .’l
viirch have begore available. It is shown that detail chapges'in the
execulion of the necessary counting ozerations which are readily
accormadated by these counicrs,. when paed with“addi tional MS) functions, :
afford a packane count reduction of 36 to 11 over previous designs [ 3].
o . . : ) ° - . )
. e . . *
+ V T -.-—- w l--‘ - | - ‘
2.7 Basic Tire Period Scenerator=Div,der Recuirements T
' ' ) ‘. . 1 \ . A ’ to
" Once the fundamental period of the signal to be analyzed has been | .
determined, cither by deétecting, in general, an even nusber of consecutive
positive=going Zero crossingz, or via extermal ''staft’ and “stop! signals, )
means must be availatle wherehy this period can be divided into 64 ;i?t'
P : . ’ - ; ) -
seancnts of egual leagth,  Further, these bl.smaller periods, cach of
. dufa;ion T/64 scécnds.mbjh be Iocatcﬁuwiphin the period T such that ;hq:
8 ‘ / | . R e
- B o . N - ‘:T
* - T

DU TR

Vel a
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. ‘ ] A . :
peri poaied Ul Tarn U TSDG eent o 60 Y ?%'d sirultoncously. and also
o :

- . ‘ . ] ‘ ‘

LR Y ) 9. . Iy . ' .
that 1 vl TR oo T/64 Goaoeeatl ltermanate %gmu][ﬁﬁunua]y, or vory-nuarly
' COPTR—— *

« ‘ LT O S PRI , "'.,_‘ . - ;
»C1wWnen S Ve U Tk e ent teinates, an output pulse is qnnn:u'ﬂﬂ

Quk“fu nitiated.. This seguence reneats ?tbelf

~ .

enlthe period T oespieg, nearly simultancous ]y,

. . . - '\
.. . . e 8 .
ideal case the relat r.sh:p cﬁﬁééﬁﬁ:hc'lsﬁu

eoter cerresponding sianal pulses.

[P S elar Tha BN fi,‘.'f_‘l‘.‘!"(! , ne 'L-OI

I -
Y
-
. | . 2
: . - | ‘ o _ . '
2.2.1 “olphyrie~ Toeiod T Co ",
N S .
C - .. N H
. - P .’ ., . N .2 L ’
e The first Speration 84 the Tice Peridd Generato '*D V der is o to
i - i : ] . .
. . ! : “ -
'Cb:h‘l'ﬂh & rerquretent of tre 5'.da”rrt 1l Time Periodel upon_which

- : P : P - : -~ . ) .
subthuﬁﬁ: timing oneratiang witl be bosed. his Ts achiceved by recordine

PN ll - L B
., ¥ - i | ".‘ . '
Wil Svenlen e Dot OV Lnlals prodesld B, o frio-rommisos slasl
. . P e . ot § B T . =
luvirated dn Figure 2-2 09 & binary, cocurter for the general ca<se of K
_'.a-.‘~ - ‘\ . ! .

' ' o . k=1
' “*acr' ar f.lg-‘!o,,. &?Sc;\condttuon-a{ stagd m represents 2 cou ts.

. ) . ‘. Faln *
: 5, the bighest nember of counts . that can

For the total counter of ¥ stage
' - . R 4 “ )
. De reprevented o "_,zk-l_ Calcula~10ﬁ of this %crxcs, or slmplf by

. - L. k“!- .,“'. .' R ' .
S

nOvI S ?hgﬁlo:éf nunber to h" K-I counts
. . - b

inapcc:?cﬁ of thc bnnury counter,

. . : ¥, R '
HCﬂcc Tor an K &tarc c0un1crl 2 -1 prcaents the highest’ nurhcr of clocw’

-~

uIScs #hich gad be rccordcd dur:nq . .
“ + ' - - LY
The couni r cirCU| < s:art atﬂ;& dll-’cro state and are incremented
AR , l - - u

S L . . . ! - '
‘'up ‘one count forTeach clock pulsc produ;cd betwccn 1hc “start“ and "stpp”

pulses. The f?fs: staac is clockcd or toqqled by thc systcﬂ clock The

. -

torqle icpu:'to‘nny fo1lau:ngustagc ié-drtcrﬁuwcd by the state o.ch\\prc-‘

[A)
I£]
1]
a,
-
3
%]
-
-
o

~floﬂ{ 3., in JCCﬂfddﬂCQ with tho binary codc. The final d:gltal

word, J remaining in the counter, in b?nary forght, represent s what ﬂultlplc

=Y o ’

. . K

. - b L ] i 1 " " ;_ag-
' '
1
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h>rcxacm; ie. T is not cxnctl; cqual to JT, seconds. Thc-crror ' '

. .
',graczical-ga:ing'considcrations and the finitc duration of tc]' These error

<l is due to

. . ° . ]
. .

.

. ~ . S € o
cont vt é%“a wend others are investigs

ﬂ: stigated in a following section.
. g " co T - *
g / ., ~ . ) oo
. e S _ e, Lt : .
‘l .l.
T2.407 Generating the T/6L Scamehts i i
| ‘ . — el fre .
. _..-.." . . - . . . o E . oo . ‘
1 - Singe the binary kord, J, rcnainlnr“:a the counter aftcr the up
. - v . A . )

: - count dpcra:?on”bffcc:ivgjy récorﬂ whdr; or xnther clock puIScs.;thc

v . - .

Toye In the gcneral case thc relationship is not

radix po?ﬁt.of this word, is Ioca;ed just to thc right of thc Isb. A radix:

point shift o‘ & places LOHard thc msb yields a dugltal word rfvresen:fng
1 ' .
g[B« thus ace plrshnng a bnnary du ion by*lDOOOOO. Tth_J/6&'word

rqarcsgn:s the tlna!_coun:-stp;c of a second counting operation whose

curarion i3‘cquau te :hc.desi:cd 7705 Tiwe s¢gﬂgﬁ:; ThIz iz ;:h}&vcﬁ bF-
. e ’ e

usurn the sare “clock pulscs of per:od T.) seconds to increment a seCOndary

countcr whsch will ttrnunatc :ts coun: opcrat|0ﬁ (J/6h)T 'y Scconds aftcr

-

'
“

tniti at-on ’Thls Opcratiodlus 5ubscquent1y rcpcated. producing a pulse
. R o - . ”

~

'éach't-mc“;hc counteE_rééchqgrthc J/64 state which successively marks a

time period abaFoximately cqual to the ideal T/64 incrémcn:.

Aga:n. thc error contribulnon, rntroduccd*hcre wsl] be exanlned

-
' EEE-

in a‘foIIOuung section. - Lo ' ‘ ' S

o

2.3 "‘ErrbrfCoﬁside?atfohf

"The Opcratnon of . thc Tcme Period Generator-D:vuder has thus far

bccn dlscu&sed qual:tatavcly. wuth the .nplncatnon that T l is. very much
snallcr than T. Thc follounng section dcfnnes a lnmst for thas relatnon-

T

shsp and also cohs i ders'thc :naccurac;cs resultnng from the "frce-runn:nc

. .a.‘ : - o ?f . .

I T T O R i

AI’ .
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the fungxfcrtal "c iod of thr s:qnal bclng analy2c " The first error.

ain Fi§uré‘2-1; in tho farst case, period Ihabproaches 3T and,in thc o :
) c0|nc1dlng cvcn:s at thc‘start of pcriod T-rs dcfnncd‘:o be a no-count

‘of'duration T .. Since, & counts.

. thcrratio'of T ';b T will dcicrmine the mcasuréméht‘accbracy of the -

\;ovcrali pcruod T. chcc. thc cxpressnon for nax;mun crror-:n pcrcent as

s o ' . ' : , u)
* ' ) . . .
- . . } - ‘3. 4 . ::
. ) . o ‘ e :

SyYntens clock. The next qutign_dcalﬁ specifically with the errors related
. Lo . . :

i

- to T/64 increment gencration., A general error expression is derived and,

a worst-case figure is calculoted and discussed. . .

.t . ; ° a L]
./' . " : ’ LT .
\ .

2.3.1 . " Erfcre Related to Overall -Time Period Measurement

?To assess the errors in this arca] it is ﬁufficiunr.to consider

‘the *“frce-runninq” nature of'thc'cIOCr awd thc ratio of T el @ T, T being

_ occurs because }hc ¢ is no dctcrmnnablc rcl tibnship between the arbitrary

. "“-_—-—-—-"’“-\.\
'"Starl' of the t.rc pcr«od T and the clock pulsc cycles. Also, there ys
’) . ’

an equally arbitraryﬂrclat|Onshup at thcrepd_of T. .Since the peri T is'

.o

- . -

bcinq"waasufcd in muL;iplé&_of Tc? seconds ,the grcatést'cnré:;ggssiblé is

T . Therefore, the cxprcssiod of the mecasurcement of T:is

-

2 T _, seconds

vhere J 15 'hn nuwbcr of counts rcraununJ ?;4 r thc fﬂrst up-count L e

and -T I) are :llustratcd S

opgfa:icn. Thcsc two boundary conditions }+T 1

-

sccond'caac;_it approachcs STCl scgmcnts in lcng;h oF tnmc The casc of
i e \

I L

s

"cond- -on. Each unit count rcprcscﬂts a full cycle of thc clock wavcform.

a ". ° o
pried by LO'to Hl clock transitioqs,

cl .
are contanncd W|th|ﬂ the boundarucs of f for both ;3scs shoun. the j f;&\/

. o

4 counts. ‘Thqs. this example o

-

rcsultanz J w:li;bc udcnt:cal, namel

& ' b

demonstratés the maximm error of £ T | from'this it -can be sccn';hgg¢

cl
¢l

- -

a fuwc:aon of ‘these varlables is. (T /JT ) X 100% or (l/:ﬁ X IOOZ Tablc 2~1 ny

- . s R K ' i . "_
[T ‘. ’ . H ' - o LI
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counts '(f ERROR -~ ., CounTER REQUIRED » )
, g (1/J) ¥ 1008 _ K STAGES
? 2,046 | 0.049 2 L _47‘1§ ’
8,182 R RPN S BT
" 32,768 o003ty . . e« e

131,072 . ¢ 0.09076 % ' a8
24,288 - 0.00088 & 200
2,087,052 0.000648% . 22

i‘-* £,363,608 ©0.0000122 o 24

~ N

ras o ' . : o ) o
st ] {Q\. . o . . . ‘ .o o -

N\

o T : ‘ -
Table 2-1 Maximum Period (T). néswcmcnt' Error for

S X Staqe Binary lounter
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Lffébrcscngs the rcﬁaindcr when J is no:fcvedly dfvisiblc by 6&. For

. I o ' \

ShOHJ Some error pcrccn'aqes ag rclatcd to counts J. A COunt of 20&8

for éxemptle, ﬁould need ot IgaJt a 12 stagc counter- thcrcby ltn:tlng‘\?c

sanifum error to 0 0%9“. Tncreforc if the twc!fth stage of a counter o
- ' A v : _ ' R ‘
is set and ro high"stagcs are set, the error.cannot exceed 0:040%, " tf
‘ , : S “ .

R s

\o:hcr add:t;onal SLJ,LJ telow the twelfth are set, the error will be

T . . . . . . . -
N .

n

decreased. . - .

L]

2.3.2 Error Rcla:cdvto T/Bh-ﬁuneraaion
The ro‘: sngnufucant contrlbu{ion to t:nsng error. in thc

QLPcrar=OH of thc T/64 outpdt pulscs is revcalcd by conSdernng th;\

. 'b.f c:ivc 'adax po:nt sh:f: opcratton. In thc gencraJ casc, thc.
"binary uogd which 9xtends {ran-thc shifred rad:x'pOLnt~locaLion'to

.the 1sb of the primary up counter wiil not be a)irzb:ocsb‘.This'wp:d-.
cxamptcﬁ_uf thc fnnal countcr statc sfter the up- count phasa was a!l

= 16 S

zerocs: w-th Lhc exception of thc scvcntecnth b:t. J wpuld bo 2 or..

4

 -‘ 65 536 couﬂts. whuch when d:v:ded by 64 yiclds IOZ& uith no rcnalndcr.

el G.'

chcc. the sixty—fourth T/64 outppt pulsc would OCCur s:nultane0usly
with the expiration of T scconds duruﬁg thc sccondary countlng phasc.

.Subject only to thc crrqr of overall tamc pcraod dctcrm:na~:oq;

the casc uhcre ) non*zcrOuword rcmanns nn"the fnrst fuve countcr stagcs'_,

L -

LS :
aftor the up-c0unt phasc, th:s word rcpreSents the-nunbcr of counts -

L . ‘

the fnnal T/64 output pulsc falls short of thc accual cxplratton of

r. . Ce .

. per-qd T. Ssncc all thc Tlsk output pulses produced by th|s gcnerator

must mark eQual intervals in. t:ne. |t ls sccn that the truc tnmnng

- error relative to_thc ideat Iocatuonrin.tsmc-of<any T/64 .output pulse
v ' oo . e , ‘ T e

— aLms vias



L from funai cou n‘cr states as.nllustra?cd'in Figurc 2-&. Here only onc

B b; t--'\

T

5 163/J} X IGﬁJ The tmpcrtan. va!ucs coICula:cd by th:s expression rcsult
[V

)

LY

. P
Yo ’ : . e . ' T .
: . - .

rncrco% , with the number of the output pulse gencrated. * For éxamplc.
- S m' _ ) - < .
‘the darcest remainder which coan be left in the first five stages of the

up counier represents 63 courts. Hence the final, or sixty-fourth, output
F oulse vould 5rr:ve 63T‘ scdonds'carlicr than it should. This leads to an

"cr~Wt$s<pm £or {nc cr—or of the Ia,t ouLput pul,c as pos:tuondo in. tnme of |

o

sition outside the rcﬂa:ndcr word rcprc,cn;ang 2 numbcr cvcnly -

. . . ) ) . . « . | Fd

e the maximum €2 counts. . Table 2-2 5ho¢a,:hé;cFror figures calculated

> . - .
- “

a¢aLn s 2 funczion-of K thc number of counter ftaacs. -Tht"instance

of 2 sez cond-tuon in any fl;p f!op bctwuen thc sixth and the Iasc st:ll

N

vffﬂ’esanus 3 ﬂuantu:y of c0un.s evcniy duvuSlblc by 6# and thus decrcascs
the crror calcula.cd by thc cxptes con. any number of counts in thc.

" remainder word IOfatuon sna!lcr than 63 rcduces 'he error by o proportndﬁd.c

0"0(1 l.

. ‘ ,
A norc gcneral nxprcss-on cnhbles the calculatnon of thc T/Bh

Ohtpu. pulsc t:mnng crnor for anz_TISH pulse. Thts cxpress:on chunrcs

. g 4

an addituonal varaable‘ n rcpresentl the nu‘ber o thc outpu: pu15c of

v

rntcrcst. The error in percen: cquals n/6hx (R/J) x 100¢’Wherc nis the

pulsc number (frcrbl ato 6&), and R :$ thc—rcmaindcr count (from 0 to 63)..

LS

Thc contrsbutuon—to ttmsng ecror ass |ated,w:th the owcrall time perlod

mcasurenent as d:scussed—in-ztction 2. l is \gnored nﬂ thus equat;on

bccausc :ts wor&t case maqnltude of (IIJ) IOO? tS ;omparatuvcly |ﬂ5|gn:f1cant..

- F:gure 2-5 allustra:cs via two dcrau! d:agrams the sngn:fscant

dcaarturcs frow-thc tdcal tnm:ng schcmc sh0un prcvnously in Fagure 2~ l.
.o . . :

TR . - T . B . 5 -

-

dnv:s:blg by 6# is set. The remainder word in the first 6 stagcs corrcsponds

I-



L | : X . |
b . . . o ., x 1 .
o : R ‘) * .,.‘4.,, .
3 . - . : ‘ . ST T
J‘ , ) . - ﬂ.
: - f : . ) . : .
' ) . ) . . . . ) T .
g s : .
N . [ . . :
 Uol1C4audY (h9/1) ICAJDIU| JOj 1013 {PUO) IUNOCI-10143 wnu|Xey heg 9anbly .
. * l\ Al s : . .
oy | g 7 C oz RILE RICE
BT L I A RENE R TUE R I
3 R TR e PR N R o B v B : _ )
) . . . n..‘ . e . . . * -
’ 1....!!_ _ ..O.: Il - _ " N.. ..._.... ‘whn s
N _ _ : . _ _ ! , s . . -

PR S




counts - -~ ERROR . .. .
J_ T fe3sy) x o0
2,048 + 63 | 31 %
8,192 + 63 0.78 42,
32,766 + 63 . 0.20 1
I 3jl 072 + 63 ,'!f ’ : O.MSP :’..
524,288 + 63 l - 0.012 %
zf-‘ﬁl.ii{:.ﬁ».f X 0.0031 ¢
" 8,388,608 + 63 0.00076%
- N
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. - . 0
T where the final T/64 pulse i privduced. . o , 7
™2 . 'TJE?\thinn and Harduare Details : i ) - : ‘
L - : - o : ' .
b N The preced sections have derived gbncan‘xriLcria for the
# . .

i

with stan*ard 7& series TTL in:qgrd:ed circuits.\° -

«.x

- phase in whnch 3 Counter Is clockcd for a predctcrm:ncd numbcr of counts.

Al

. The (wo areas .considered are at the beginning of T, and ncar the end of

ial or counNidy cperations necessary to achjeve the desired time
. Tt : N . . ! -

:BH and ou:put'!lﬁsg'gpncralion. Accompanying this, perform-

ance crit

- ) N ’ : - l—- . . - - 't.‘f. PO . !
Ya have  been presented whith T1Tustrate the accuracidd obtainable
- e ) T N : n & . ‘. s . B .

for c0unto?5.of_various‘sizcs.‘ Using these relaticnships, the possible
Ty . . : :
configurations of generator designs are now discussed. The final design

.
a»

b

- ) i - ’-J ' . - - " . V . .
makes extensive use of the multiple function capability of currently L
' ) - - ' . . - . - . i ' : ) ’;

*van!ublc “Si cou*‘crs._ The design accormodates a large range of input time

Tperiods T oand aIso le\ldC; under “nd over-ran3c indication, Further,. it

o - '.-

=

s dcran' atcd thut the error f:gurcs prc :ously derived are achié#éhje

v ' - s . : , . .

M
"

- . ) . . . - « .
2.4 Circuit Confiqurations, Error FcuurcS'and Ranac Limits

1 '

The countung opcrotuons which. nced to bc lnplcmcntcd nay bc

SUﬁnarnzcd as follows. 2 F:rst or prnnary phaSe in whnch an up counter.'

'

'having its clock:ng input _gated .on  and off co:nc:dung w:th per:od Ystare'!

?

and “stow" sngna!s. cstabllshcs the nunbcr -of counts J and a secondary

i

approx:matcly cqual to J/Gﬁ thus gcneratlng the time scgmcnt T/Gh The

des-gn cmp!oycd carlscr by Szcmcns[ 3} net the,c rcqu;rcmcn:s by means of

o .

two scparatc.up.COun:crs ln thc sccondarr phase._a countcr was. startcd

at zcro and a conaarator Ceru:t detected thc arruval of the counter a:

- . . . -

bH\_-npl 108 Lye

TN R S TR R TIL ORIV

-



AT — T Ry

n

. is achieved via scpératc clocking.inputs.j -

-
Ll

U 4704 counts. . The fe_counter was ihﬂcdiatcly'clcared;§cd the operaticn
. L . . ~

N . . . . e : ;
fepeated another 61 times during period T.  The counter clearing pulses

~

provides the T/6L gencrator outpur. However, to supply a constant’

— ~

rufgrcncc for the comparator, the first-counter was required te remain

undisturbed after recaching its J counts. Figure 2-6a illpstrates Lhc

. main elerents nﬂ this acnerator desiqn -An a!tcrnatc approach :s based .

1

_en thn fact that 2 ccun.cr which’ c39 hc ¢ preset to a state eguivalent to

J/764 and CCElCOuﬂt dewn tp the zero:staté will also mark w time .seqrent

equal to T/6L seconds. In this way the same tvpe of counter may be uscd

for both phases and the down-count operation, and it eliminates the oreviously

nCCessary ;ocparispn function. Vhen the down counter'rcaches the all . -
zero state, the next cldtx pu!sc prod.ccs a barrow pulSc from the couﬂccr.
This borrow pulse is uscd -as, thc T/b% ou'put sulse. AI&Q. it the bnnary

word rcgrcacntlsg J/64 can be stored cxtc{na!‘to the first counter, the

58 COun:ér can be used .in the down count mode accoplishing also the

. T/6h pulae écncra:ion: At is.mcrely necessary to then rcturn or to preset

. -

the coun.cr to the J[ﬁh s:atc and rcpeat the. down-count opcratuon Figure

) 2-Gb |llu trates this dcsngn-app&oach Here only one chain of counters

is cnp!oycd and zhc comparator i rcplaccd by surplc Etoragelatchcs. Aftcr

.

- thc—fursg six‘COun:cr stages, the count mode mus; be controlled and_ this

- T .

. L —
FULHI

[y

Thc actual numbcr of c0untcr stagcs to bc used |n thc gcncrator

s dctera:ncd by two bas-c constrasntS' onc is thc-e?ror f:gurc as l:sted

.n Tabie 2= 2 and thc othdzqis thc maxlmun aumber of counts thc countcr

‘is rcquircd:taQacccpt. Thcac crltctLq_Qctcnninc thg minimun and maximum

number of stages; respectively. The first six stages of the total counter

.

o
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are ogly Teguired to ceunt in the up-mode and’therefore are congidered

F £

. e . . T . . o
seadrately., ry]lnv{ﬂg these staces, 16 further stages are employed | .

. N ‘ 5 . - * ) . . ‘ 3 d . —. ‘
givina a total ot 22 f.l“-.!opss A osct tonditicn in the tiWenty-second

.‘f}i;'fioﬁ~3$=uﬂqd as tpc-ovc(-rangc indicator which holds the maxirum.
B nc_L.~uH1c count 10 a uLalv in dhlch attf the other - stnqc, are set. This

. 21 o L . ‘
e late {c:ff%vrtﬂ-:-|—l gountsicn 2,0:7,151 co;nts. bt;shc other-c0unl

ar

- . . ®
d :d to assure o minimss count which reaches at
R V- . .

i
|

Jeast thae YEth f?:p- -up. This consirent abLures a maximum error in

>

76k outrut putse x'..«:i; peof 0.20%;, as listed fin Table 2~2. Thé Togic
! ’ - ‘ B - . ° - ' - s

o . - - .

CirCUl:ry‘rc:uircd to ossure that this coastraint is satisfied will give

- . .

En:ica;ioﬁ iY oone of the flip-Tlons from the 15th tqathc zoth;.inc]usivc._° '

K . . . - ) ©
< . . .

are setlav :.c,{crﬁinaljon”cf the qrimarf up-ﬁhuh' phasg.
: )

The range of Line oornods Tuwhach constttute acccp;aalc :nput

C
[N u - -o

By
‘tathe generat or- dnvudcr are caicu-ﬂ:cd after chobsing a rcasonab]c.valpc
Ll . L4 " ° - .

: : N : .

for the sysgem ;}ock kimc period. This valuc of Tcl“is 1ec Eanpscconds.;

which correnponds to 2 ciock frcﬂucncy of e H - The error- lumn{cd ’

L

rininua nusber ‘of counts is 32, 831,‘_ iLe. only the Iﬁth“staoc in the . .

" L. 1 F] ) - -

et condition, and the.tcun cr CnPaCltY'liﬁlICd max i mum us 2 097 ISI
‘Héncc,wthc tv%_darncs oa T are 3. 2331315cc and. 209515! scconds. 'TﬁLS PR

corrcSponds, to an approx:natc’f?gs”’;y rancn of 5 to 300 Hz. witha

. ul NCREETEN

K i oW Luntng error,in T/Gh puTEZ/gcneratron of 0.2%. . The same timing
9;cﬁracy can bc ﬂalntalnﬁd ovcr a tower fchUCﬁcy range sumply by

rcduccng thé-ctock'frc ucncy, For‘cxawb1c; 2 l th ciock;uoﬁlq allow

d"‘dff SCncrOtOf Oncratron in th¢~0 S to 30 Hm fange.- It.TS'desirabIe tow- .
- .
cperate ‘hc dnvudcr-ocncrator trear thc lowcr cxtrgme of - dny guven frcquencf“

- . - - 2 -

rangc; this-rcsults in a grcatcr nuwbc' of c0uﬂts storcd.and a lcwcr temung

,____...._ —

&
Q



-

ﬂ‘ 14
"y . X i = s . ' - %: =~
. . R )
- -5 L A . \
. ‘\ f . . .
1 ! . - 2 - ¢ o
[ " " *
4‘; v , , i . . - . 25
* o . ' y P = EER—
N - | : X o
- . : . ) 3 S - LN
. . . o . . - . b R
E.nl ’ . . ' ’ :
Foerror au ehoan in Table 2-2:
[[‘ . ‘.. q‘. : N . '. o ) - ) _!. - . . -
- . CERETE R , . 5
- N LT s — T S .ﬂ?
‘ R . s ‘ _ '
N 2,_11_3 S Hardiiore Teolementation:  Inte r:r.n:_r." Rirewt ‘ 5. e, . -
’ ' T . - . LT . e [] - )
| The circui fh clion-of priraraasmﬁortdncc to ;hc amplgncntat10n

of the E{EQ rpr;od g{ncra 0:-d.u:dL' 1y prnvsdcd by the SHTL193. <. h blt

v

'\*f

P H ., ' y 2
LI . . . o . -

Anterpal cincuitey and’essential timing and switching. information are
renreduced. [ A in Ficure 2-72 uﬂd72'7bu GII the necessary cascadingé

“ . -
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howcver bcCAusc :t prov:des LHc d|V|dt bx 6h functlon coﬁpicte in Oﬁc

pag#aéé. Onc paquaoc of 547402 oos:nave loqsc HGR gatcs DrOV!dCS all the

. .
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s

L ong nnvcrts :he con.ro! Scngc whach routes the cJock pulsc cnthcr through

o
s
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T alp Mhz systcm clock " The actual anJng accuracy spcc:fucat|0n thcrc-

"ufore bccomcs 0.033% at SG Hz" and 0. 00332 at. 5 Hz. The_optioaalﬂuppcr Iimjt

T T T R T T

Coperation wiinin the Sakimen crror bOJnd‘of 0.2%2 in T/64 pulse generation,

Over-range ind}cqiion_:hat_thc clock is too~fas1.aﬁd[or T_ig_Ldb_f

. . i L - "” '
jona it provided by achi slate in tﬁc Tast stage-of the counter. . To assurc

C ' 15 . . . X P
a legigal 1 fust by present at the 272 bit qugtnpn, or higher. Bits 215

through 2 arpear in iaverted sensc.at the outpul of thcnr ressective

storane Tatzhes. A b6-Tnput negative Iogic_OR qa:c,.implemcntcd‘by a SN7k30
Q Y - .. '

Lo .» Sfre y . . . ‘ 2 by 3 r H ‘
Eoinpul NAND aateprovides this undo¥hr?ngc incication.

e
' , f’ S o
1Y ia convenient that at the temination of the upcount phase,

the digital word rfepresenting M6 countls versions in the proper counter -
.‘. ) 2 . c u - . . L€ .o‘
ﬂLacqs. "Then, whch rhd dowﬁ'COUhL phase procecds,’ the counter reaches

zero and- produccs ar bor £ ol pulsc hthh reloads thc c0unter wsth thc J/6h

- Y

 word., ancq,-*hc cxpirctxon of the first T/6& segment corrcspOﬂds with the

1ot Darrow gulsel : & . _ . E - : :

5

Thc Time Pcrnod Gcncra:or-onvudcr dcssnn as derived here rgﬁzj:cs .

only 11 lntcgratcd c:rcu‘: modules for its unplcuen.atton. Thus nsuachucvcd

by maknnq cxtcnsive usc-of thc multl-function capacu:y-of the HSlftypcs.choécn.

| ?br a glvcn System clock frcqucncy of iO th the’ gcnerator-de|dcr acccpts

input time. periods in- _the range of 5 Hz to 300 Hz and prcduccs Tlﬁh output

\.‘_—' .
PR .

pulscs with a maxamum .nmnng crror of 0 Zt

o § - .o -
‘¥hen used in thc walsh analyzcr systcn thé gcncrator-d1vnder is

+

requurcd to opcratc normally ovcr the dccadc range of ‘5 Hz to .50 Kz with

- 4

-for fundamcntal frcquqncy of 150 Hz glvcs the naximun crror of 0. 0991.

- Y . . . ._: . . . ) X ‘ . e E
. . " ' ’ . ." . . b ‘



3.0 Introduction

cHn?Tza‘3 .

SIGHAL SAMPLING CONSIDFPATIONS

»

An inportﬁnfﬂ ¢ of the Walsh Spectral Analyzer is to preduce.

atsh con":c ente vhich may be coaverted to Fourier cocfficients.. 1T
: . R S
has been. shown by Siemens and Ritai [ §] that if the insut signal ‘s -

Y

band-Timited," o Wolsh Analych may be used to precisely evaluate the

signal's fourier coefficients. The c0nstrajq£ is_that F, the highest

<" P ot

normatized frequency component cf - the band-limited signal, msst be 'less

-

)
. N . .. B - . T
than or cqual to S. the highest normalized sequency component of LN',

© O atstyzer (F5). R
- st ) ) 3

. Thc,ana!yicr produces thc?fignal‘s walsh cocffitients 5 'inplc?
menting a DWT (Dlscrcgc Watsh Transforn) via dag:tal leCuttrY “The "
o

.
-y

ifput s gnal is fcd to thc ana1y1cr through a converter whsch pe.éLﬂ-

Jically samples and d:g:t zes the analoguc voltacc. Thc l-mrtatuons placcd

on the analyzer opcra.uon by the aaﬁp‘lng process are dISCuSScd in two .

. LY

areas: maximum input sigeal'frcqucncy as related to-sampi[ng frcggcncy..,

and maximum signal voltage rate-of-change as related to the coaversion
. . . - . . o .

timc. Adaitiqnal-considc}ationE imposcd by the input low-pass filters

which are rQQulrcd~yhcn performnng'analy is of unknown s|gnals,arc

prc5qnted. -hc anstrumcnt calcu!atuons ncccsSary to producc thc Walsh

} : -

fcocfficjcnts from thg,digitizcd-aamplcs arc'al{q dlstusscd,




j_n, ‘ . ~ __'. : '. L. B

3.2 Saspling Rates for Unknam Slgﬁa;s

‘l'he speclflc ares of Interest in the frequency domain beglns

i
I

P uith the dctenﬂm@ funddlental frequency, . of the lmput signal and - "

Inc!udcs frequcncy ee-ponents whleh are mltlples of this. Any frequency ' " ,
, 'oo-ponent. helou the fund-entel uill be cnraged out and taken as the
"Zero order or “dc" terl. Ay The MWalsh Spectral Analyzer produces the
\hlsh codfflclents A'Jend B up to and Includlnq a sequency order
of }2. Thcrefort-, .lplitude qmtized Input uaveforﬁ’wl'es‘nus:l
eontaln Infomtlon r'e!eu.ant to an Input bandwidth of no Iess than 32f.
where fe IIT Td be conslstont uith the Smling Theorem iel, at Ieast
61l smles ulll need to be tdr.m durlng T. f only 6‘! san;:les are taken
l:he input slyml wilj_n.ed to’ bc band-lmltod to 32f to e!vﬁunate possible
™ aliuln@ eff«:ts. -1t ls pernlsslble. however to have a samphng rlte
-Meh will yleld -ore then 6h s-plcs duﬂng T and, given oroper frequency
bend-l-laltlng. these swles ulll bc val!d. Thus there are two :ptuons o
' for the -\alyzor smllng systcl dcslgi and they are descr:bed '\'-‘jfhe R
fonan,q sections. e

_/' ' L O“-Ef

¥ \ . L. .,
* "t

| 3.2".1 'lar!able s-upnnL te

ha A posslbk approu:h is to tah the- ‘ allauble number of

' s-ples. Thls m tlut once; 'l' is deteulnod s-ples are taken only —.- e
everv,TI“ seeonds duﬁng period T, thus setisfylng the 2f’ sanplmg rate

: requln-cnt,.mere Is the mln- frequency caponent oF the mput

\

‘/"
slwl ﬁor :hls mlmr. . ;:‘_- R ) ‘

- P “ . . s

<




b

T

-4

Rutl ' fe ausure Lhc va!:dtty of the sampliné ra:é, 6L, it is ncccsaary :

.

;o_fgcd thc analonue Cinput thrquH 3 low-pass f:ltcr wﬁsch will elum:natc

L 9 »

fresuencies above 5 f. Further, ihﬂ filter rugt be adJu, table to

_"ﬁ*‘t__:‘
‘.,a:Eﬂ.y the 17f bandﬂad h timit rcqu:rcﬂnnt for al} f Thus, bo:h the

N

,a-wln g vale ard the low pass fultcr cutoff erqucncv can be cstablt\hcd

L ] . .

valy ofter the input siqnai fundawﬂw!al frcqucncy has“bccn‘dc:crmiﬁéd;
_ : . - . L

it s qlsc aignificunt that IOQ-pass fidters with desirable passband

- _ -
- . -

.

and altcﬁuagtér cha ag tvr;st:c arc not casily realized in a tunable.

Ccenfiguration,

cof samples are made fof any waveform that is analyzed. Pecalling the
- . . . . . . r

n‘ -
-
‘.

. . R o ) . -!...I- . .
An.advantage of this approach,. however, is that the same number.

L1

[

" Yasirument équanions-f?om-thaptcr I, ircis seen that Lif H is cohsr.anl.l
.. . . ! . . ) . . - - . B
ca_-v‘v.- GAM!‘\!-!’.'\Y:N:I-:I cimnlificar ::'wx will recile,
. . - . . - . g
) , L . L R )
v, . - . . . . H ‘ . . . . f‘r_,_."
: B th 6% (o,,) cal(s o) (#-9) = %
s ) — h-l - . .
. ph . " R -
o T : T T - N ey (- B
. . B ?max-.l ;1Qh!-5°“ (Qh;_salgsrh)h -{1-10) .
Cl == h=i - " :
- -~.—, o pn ‘o . D ¢ : .

. . . y Q‘ B y - - * . 0 -
A constant H :cfm ut:h 3 valac‘of 65 suggcsts'that thc-duv:s:on_opefatlon

o.

cou!d be pcrformcd by 2 radux pOlnt shnf: in a properly crgannzcd bunary

ccunarator: But thls advanfagc has to be weighed agasnst thc prob!cm
o‘ prOdesng an adius tubic low*pas' f:ltcr\ An added problcm is thc

- -

pos:t on hg of :hc one sample w:th«n the T/Sh scgncnt, a positnon which

shoulé bc ranntalncd throughout a!l Ehc succccdsng scgncnts of T.




,.."l ] ‘ . ‘ .v- 32

' 3.2.2 0 Fixed Saraling Ruzém' . . . . S I

The alterna te dpprouch *s to cstab]u h o fixed Suﬂﬁ]lng rate
. . . .," - @ » - - .2
and o firgd low=pass fr!tcr which cxhihits the .proper cutoif freqdcncy

and strenuation characteristics. This .means that the nuwbcr of ,anplcs

: P : .
tonen during T aill change as T changes from waveform to wavelorm, All

the samoles Lanei will still [ vaiid_ddé to proper prcfil:cring-and
. . . . E Cy

‘the runber_of samples #ill need to be recorded to supply the K term |

necesuary in the coefficient cxprésgions (1-9 Y, ({~10); |h additibn Ly
. . C ' @ ! . ]
Ttot the advisabi\ity of a fixed & iter ;vcxmataﬁ* (" pllng ratc has :he.. O
. ) -4 -

adaan.u,c that ‘hc tnr-ng CtrCUIEF} wh:ch contro!r the A/D conVurtcr can

be ;:Lm:zcd for stability in its repc;ilién rate.. This is q;ﬁecially'
i“por it i samnie~hold ﬁifcuits“nécd 1o b used. ¢, .
The practical ?mplcmcntatiod of thc.input low-pass fiI:cr.wiTl

ot cz"sbzt thc |d:al charac.cr:,ttc of :nfnn:te auttnuathﬂ *bovc the

cutoff frc"ucncy; Figure 3- 1 |1|ustratcs the c‘fect thc non-:dcal filter .

-

Ceha rac.cr.stlc' havt ‘on, the rcl1tuonah|p betwccn the Jinput signal frequcncy ey
comncncn's and *hc sampluna .rcqucncy.. In the idéal case, F|gure 3- la,
.thc'cutoff frcqucn:y; fc, of thc low-pass fplbcr s Iocatcd at 3-f.

Thns assures that no Frcqucncy conponcn.s abovc 32f wnll bc‘passcd on to

\.--. S

.

:the coavcrtcr and Ju't1fncs - sanplnng frcqucncy. 59 of

kT ]Fﬂs R - - - B .qf. i
Cfg= 26, _ {3-2) : -
S N AR TSR 3-3) SRRTEREE
T in Lhc non-sdeal case ;;lts neczssa;;.to consldcr thc filtcr s rolloff’ Vo )
d\aractcr:sucs in. thv,; {'\co;:cxt of :h; c;::nvcrter 's . dynamut: rangc. (Thc |
. ~

cr:tcruon hcrc .s that any frcqucncy conpononv at half the ,¢ﬁplung
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. Thus for an'inbd:-s gnal of unknoun harnonxc contcnt..thc sanplnng

- ¢unamic TQﬂGC‘SamP‘iﬂQ at 2 rarc of 10,0Q0 sdmpics per second has to

o‘ the a/D ccnvcrtck uscd -n :be aﬁalyzcr. The maximud cncodcd Output*ﬁrn

- y
rate, £,/2, nust be JttLﬁUdlL below the smaliest asplitude which ‘can
" . - l . N

L

by resolved by the converter. For cxample, a converter with 60 ¢b

o
for —-'tc-“c!“J “f a lox- 255 filtcr whoscrdtttnuation with respect-to the

passband is 3l least 60 da at a erQULPC" of § L:lchcrt‘. Tne filter's

2ltenuation slope cstab?ishcs thc rc!aticnghip bctwccn feo /2 and'32f.

T ts assuzed thit  the f.lt;r s cut o:f frcgucncy co.nc:cca with 32f, the

-
LY . L

highest signal .rcqucﬂgy comzonent of intgrest. he rcgnon in thc

frequency donzin between fo ond f, thus cstab!zsh"s the nLCLssary f:lter

. N N . '
guard band. A practical csgl;ation_of the guard band‘may‘bc made: by

. .o

!

Cefpert R AP —t C ' U
reversing (e figure 3-2 which contains the low-pass characteristics of

the Bessel end-ﬁuttcfwor:h fi1tcr'moduicS’avai]ablc.fromADatcl~Systcm5'inc.,'

Coamemn  Macgsrhucatrs The filrer oxh}hifing the bast’ nttcnuataon character-

istig is the 6-pole Suttersofth: ‘60 do attenuatich occurs at 3 times-zhg

*
.
,rh.,...-f

X

i

-

cutoff frcqucncY. This f:gurc compares. favorably to the d)nan:c range: 'J;{ﬂ.—"
¢ . f
3 BsU digits g:vung 0 999 Thc converter thcrcforc rcsolves to 1 pift in

lOuO which, y:clds a. d}nan:c range of 60 dh ';:§§: L | -

Usnnq this rcld.uonshrp awd agaln locatnng fe at 32f fm-is’nqu

. "
90u$%ing‘f to gct tbc saﬂpl:ng frequency glvcs

f = 192F. (3-5) -

i

',frcqucncY mu5t be ap#roximatcly 209 timcS‘:hc-SIQnal s fundamqntal

K

frequency when using the assumed b-pole low-pass filtcrfﬁy . o '1,'j"“'m
, : ,
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For a sarplnno frcqucncy of 10 kulohurtr thr highest fundancntal

SETIENH .ruQucncy is 10 x 103/200 = 50 Hcrtz. Howcgcr. this filter guard

band s necessary only with inpu:‘signals-of unknown harmonic content. L

e it s kn;wﬁ that ihéré-arc,no harmanics-pchcnt ég_ ¢ 3 {} the filter
' S ]
F - and @hus the ful.cr g ard band can be . Cllhlnulcd .giving an f of 64?
E:tkc"inq f constant a2 ﬁo P:lohcrtz allo-s the input s.gﬂal fundumcr'al
P . gy ) -
E’ to be iﬁClLaSLd to GO x 103'6r7 or abouL 156 Hertz. THc pcnalty fo"ﬁat-i_ -

; ksnhrg the input s:vnal bauan-dth ss approxluutcly a rcductlon by 2/3 of

Ctne analzer's moxipum fundamcnta! input frcqucncy_ L

p.
- i

uhcn opcratnng Lhc-ana!yzer with a low pass flltcr tbe fi\pcr”s

S ) - A —

phasé shift cnarac;cristics may, in soaclcq5cs. demand consideration.

N - - . . . '

Urran [ 7] has deCUﬁsed the use_of the DWT in sighal discriﬁ#ﬁation'and

P3Ny olt certein phase scnsitivit y aspcct% of .hc Walsh power spcctra.

~) -

hnc:ncr‘ornnO' this kind of effect is s:gn:fncan: can be determined only
'\) o h - '

af:cI conSIdcrnrg cach stcp of the analys;s progrem, from analoguc s:gnal

'

- congitioning to the pan:pulatuon of the outlput cocffncscnts. in many

practical cases, spcc:ral.contcnf”us
|
any po*s:bic cffcct duc to. phasc dnsturbancc at the hxgher harmon:cs

higth:’héar the fundamental. Thus

fs - ;'. “ 3} 32) should be ncrllgublc in the actual mca,urcment.

.

rd

- E o~ -
3.3  Samoled Data and lnstrumnnt Calculat|ons :
. + T T s
Thc output-oi,thc sagnal sampl:ng sTstcn is fcd to the Dual L e

Arithmetic Pyoccssor;ﬂﬁth produccs the HSTEh cocfficicnts‘at the end of )
o o ) o ) -
each_ calculaticn cyclc. The proccssor consusts of spcc:al purpose e ' :

aCCUruiazcrs and thcnr maxtmum COunttng capaC1ty is dictated by the specd .




at ‘c .

any! :v olvznv capabidity of :hc |npu: 53mpltng Sy;tcm. Ao—exzanination

cf Lhc;cajcuiaiions requlred Lo pFOdLCc the A cocfficient,

w oL oo VID
N Y L) i " ’ : o : . .
“a i tgi P QS (Qu), o (3-6) o .
pE ' ' : o

\‘:\-i

for ¥worstl-casve input signal. illustrates the neCessary maximun counting
‘ ) ) : .
Capetity. This dtllOP Lx;Jts when a constant fu!l scate: (" ) rinput
' = S ) _ ) max :

.,ﬁ:~"al is apolied to the sawplxng Jys en for thc omoletc~dura:ion"éf

pvfioo T.. The 3- d1 it BCD A/D conunr'cr'uscd in. this analyz;r Lhus grves
LB * .
a0 output of 0.%33 for LacH sample. fn this dESCussion the decimal paint

may bc »cglcc.c and the 995 counts are rtounded to 1000, The termm sgd@(oﬁy.

, s Q;Sumcd'posizivc aﬁd cgha?nr unchaﬁggd d;rtng the pcrnod“. The accuniu- - 3
'-iqtor us; have the casggﬁfi_ig_gggrc 1000 counts for Lach Sd;?]c. & . %
g S oA :'
3 he n?mhcr of samﬁ!es, Hf taken during the erlod is given' b, Lhe ‘Q ‘;%
product of_ihe anplann f*cuucncY and T. -, : . ! : i-; ' "‘. ; _E%;M;;;Géliu
Hef o xT e . e
Sinze Sﬁ'ﬁér;zvis ;hé uppéﬁlfﬁqgemcntai f?cqqéncy liﬁit.far‘unkncwniﬁignalﬁ. | 'i
.LT Qé#als icréi{fiscéonas. Agla?lo_kilbhcfizLSamgling'raté. 200 samples are g'
_taren.  Hence, ;to?agg-for a nusber of 200;000'15 p;cc;Sarf, ltﬁié signgf
cxa&plc‘rtprc;cn:s ghc ma;imuﬁ‘convértc; word éu:pu:;.§ut‘thc shorfcst: _
pcriod.. The anslyzcr fﬁ rcquircd to bpcratc ovc; tﬁé k dbca&é ranges 3? R ' :
50 Hz. - 5 0 Hz, 5 0 Hz - 0 5 Hz 0 S Hz -'.05 Hz and 05 hr - .005 Hz “ S
-kt the lcw frcqucncy c;tremc thc.accunulator woqu havc o storc S numbcr
  cqual zo,:z x,lcs. To clim;natc'thi&-ﬂargé-variation in rcquircd accumﬁ- ’
!a:or;ﬁdpacity; the lnput sampllng sysgcn is arrangcd fo;;dccade rangc ; N
5wité$in§_of Its&.mportant paramcters. for an |nput S|gnal fundamcntal L _

~




- v i
- % ‘. -
- - “ )
¢
. . B 3‘5" -
- . . N . 4 ) . °
. . 2 ! . ., . W ‘0 . ) . , .
froquency in Whe rdnge of 5.0 Mz - 0.5 Hz, the savpling rate is rediced - © )
. " . . - } - . . . ‘ - , . K > _. - U N 4"
by « foltor of 10 via count ng circuits ond o different low-pass €ilter
iy weilehed in preceding the A/D cqnvcrtcr In this way the H Lterm is¥e
- ‘_ - . " o ) : ) ' . . . ‘.' ; .
Vimifed to o cenvenient range {200 - 2 ,008) and the difficulty ih implg-
R VO P . .
oreiling on infinzzdly":pnablc,laf-jQSS'fiIgcﬁ is avoided. There is also
& corpulationel adventage )_o decade range switching in that the decinal ’
» _ 2 il . . .
soint, inths tape of BLD format, is fixed in one pesition at the accudws- .
= T ‘ . C ‘ E - . ‘ - - *
Pobutor’s corfilcient cutous rathc;Vthan‘f!oatingﬁ,‘ -y : .
b The preceding discussion-is g dal]f valid for :nput s;gnals of
M - . ' - . ° N
:‘ ) R . v /. v -
DR nancdWigrh less than 32€, In :b:s cas tuc lov-pass filt cr is not
- T ‘ . . : 7 /
B PECEsSary.  The enly change in the above\concluSEOns'iﬁ,:hat the numbcr . - :
: -, B ) - . . . : . e
F . : : v . e’ .
- - N N ‘. ) . - - - - ) ° . i
of sonples taken lies 'in the range of Gh to 6#0.- _ BTN
Fiéur¢_3‘3 ‘hcns 3 dtag am cf IhL ruﬂbc gwitchinﬁ circuitry:_ R .

:
H
[

ﬁy, =e low=gp sa%s iitcr ‘Cutputs arn scch;cd by soiud ,tatc ana‘oa_;

: 1|:h are d:rcc Ty’ dr¢vcn by lpb:c ga~c Quhpats.. Log:c gafc SWI’Chlng ii‘
.also_uscd o ﬂc‘ﬁC? thq s~ﬂ;lunr frequcncy aﬁ’dc;chd ;rCﬁ thc COUﬂtlng .
o ; ' : o . - -
1 : ST . 2 B : o
3.8 'u\'Lémi‘“?i°55/6% Dﬁté'devcrtcrs _ ;'-;i—- o '.1..--,1 ) G:L-;#i.
fﬁé cbgicrs.cn °f°thc analOﬁ““ *P?Ut Voltage to an cncodcd d:gltal {‘: .

' wnrd is not: acccnplnshcd cnstaﬁtancOUfly ) Thc f:nlte Line rcquured by the

'convch|pn aro:c V5 nu‘t bc small in rcraﬁnon to :hc—tume rcquﬁ?cd for :hc

. , s
”Inpbt vo!taﬂt.;o‘changc dpprccipbly.“ Th:s constrannt assurcs accurase
o Se, — . ¢ . s A .,. B o s
-gutal rcprcscn:atlon of thc wavaform sanplc. . e . -
't R . T . e
”ik5hc t:me-natc at. whuch the input voltagc changc' is obtauncd fron
. : s Wy _ s -
) / 4 [

PR e e
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o

v

I S ‘r-n‘,".-'-. . ‘ ..- .
tee 1y L A d-.!‘-\.:._a\t,.m." the r_.t,.nc.'“g‘l eaprtession for a sinusoida

-+ .
. . — N ’ ' ' o ;
et L - . S
- ‘ ! g -
C yv. : tn e ‘ . :
e Vi, m \'| sin. z-ft . {3-%)
, ‘o ‘ ‘ . Y
weere ¥ s the peak aepul amplitude in volts and f iy the frequency
B s . : : .- .

cf he sine wave.  Upon differentinting and seiting the covire term to

.-

hto yield the maxizes rate, ihg result is as follows.
l““—xfT*;-“‘—# v, 2-f o . . . { -2)
s . i ) : . e - : .
. wAX P , ' -
“For sccurste analogue to digital conversion, the enalocue voltage
shouit renain essentially constant during the timeé that the conversion is
T3k 5 Bioce. “Eegentially constant' is defined to be o change of one-
half a volfagd-egquivalent !sbl or less. This term is .expresscd as
1724v; /), ‘ {3710)
o - '
hhcrg,p_{s the rurmbesd of quantization jevels and vi is. in this case,
. ; ‘ o o .

the highest veltage the A/D converter will accept. T., the conversion

Rirme, 0% chincd as the time required fo accomplish the A/D coaversion.
N\ - T '

‘The conversion time multiplicd by the maximumekpécted rate of wvolioge
change should be less than or equal to onc-balf thc‘vol;age*cq¥ivalcnt

1

1'35, . o . o o .. . -‘ . - . - . . .

’ T v. 208 < 1720y, /p) o (3-11) E
Lo r»- oo |
. v . . . a

This. equation can be ru«r-ttcn to show .he uppcr bound for coavcrs‘on.

time as . 2 func.:on of ffLQUCRCy, £, and thq rcso!utnoﬂ statcs p. lt is

as;umcﬂ_tha. the peak vol~agc of the input waveform equals the maxumuﬂ

. ° input Voiiagcnof the AfDoconvcr;cr. chcc.

2
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PE f crual® € 03 Vobfiers ; .. . . o
equais 5 Rilohertz and p s 10005 7 _35_!5.9 nanosoconds.

] . . -

T

nie iy much too short a tire in which Lo cb;wlc:c 1hc~A/D'cuwvcrsion : L

Drocees., Hoﬁ??sr, thc_sawpling ra:c iy IO‘ki!ohcr;z which ollows

' ~

s - ' . - "

125 nicraseconds between samples. The wuse of a sample-held module [b ]
. S .

in adliticn to the basic A/D converter cnablcs,:l: conversien proCcss

< ' -

16 e completed curing the 10D microsecond pericd, thus circumvent ing
‘ ) . o : v -

the conversion time rL$.r|cLlon.

g rigure 34 itlustrates the operation of a typical sunple-hold
Cenlu e, ‘l; operotes in essentially two modes; 3 sawiple or track mode

ans 2 pold Xede, "During "sample' the culput follows the input as a

o = 3 - : o . .
Wwnily gain ve?tqﬁc follower and durisng "hold' the outputl retains the

Lo . : . _ e L. ,
voltoge present ot the module®s input at the initiztion of the ™hold” -
Cahegad s T gere 305 shows axpended dc:;i! cf the s r:ﬁ: to-rzda -.
- . - v L]

re

tranaitions. Wien the rode 15 chanch frOm bold tﬂ saﬁplc 3 certain

i nuét c!apsc un:il the cuiput bcgins to track .the inpu: wilhin a

LpeCt -lcd accur :y. Thas aCCuracy is gcﬁefally 0. If and i: is rcached J

.

achr 10 n:croacconds or lc Followang the oppos-tc trans:tnon from |

.

$mmplc to ho!é -s a sma!lcr delay rchrrcd to as the aperture tiﬂc. Ta;-

-

: \,
- This is- thc t:ne between .hc actual mode control transntnoa and .hc point

whcrc the euhpu; sto¢s follcucng the snpu.. Ty is uSually on the order
. of 10 nanqscnqod;, Thcrc is also a droop cffect cvadcnt in thc output

du}iﬁg hold of sbouy 50 m?érovolts‘pck-picroscCond. It is during this

in:cfval thaé-:hc AJD cbnvcrter pé;forﬁé ixs'coaﬁcrﬁisd énd'it; 1npu;.

 now ‘the samplc-hold modulc 5 output s csscnt:ally cgastant. The chbnge

"""w-..._

in voltage duc to ﬂrOOp effect over thc 50 mxcro'cconds rcqu:rcd for A/D

o

s e o

¢

[T Rt TR T
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cenvension o te completed i insignificant. Figure 3-6,thtains ihq
areci ficationns of a representotive sample-holdsmedule availadble from :

Uaiel Sysicis Inc., Canten, Massachuselils.

v

’ - . M ) C . L. R - ] !
= o oplinie the performance of the input sampling and conversion
VAR the segeence and timing of the -various operaticns must be arranged
% . R ‘ .
. r - - - ’ . - ) I\ ) ) : -
16 sinigize thezontribitien to {indl-error made by each operation., The

sl waroling rale ol which Ihe complete process rust be cycled is

& 'xto‘cr1~, wu;cn u:lcud 100 micrescconds for‘onc cycle,  The A/D con-

verler used requires. approximately 30 microseconds to conveért to 0.1%

resclution. This lcaves 70 micreseconds which is. divided into. two seghents,

A

a5 illustirated in Figure 3-7. This timPng diagrom shows that o full 20

;

migrosecondy is alletted .orﬁghn hold mode \go stabilize before the A/D

crmurrsion is anitiated. whcn_thc convcrs:on'is coms lete, the sanuie-hold

module i3 irmediately cumanded to track the input sigral. Tracking can
L . _ ‘ - ] P : .

coftinue (n the case of the highest §ampling rate for a full 50 microseconds

bcfore the hold comwmand occurs. azain.” For o lower sampling rate the dur-
q .. s : : : , - - :
ation of the track mode is of .course, longer,

e . . . - . )

.Two moncstable multivibfd:ors add two gual |nput HARD gates are

all that are rcqusrca to nnplcmgn’ this Lannng and SLchnClﬂg scheme.,

oN e ‘3-2 1Ilus:rahcs ‘the circuit daagram / The inut:atc-pulsc,whnch

star:s;p.c'data convcrs-on proc:ss sets bo'h a latch and the f|r5~ mono-
.S:ab{;; Thc Ouxput of thc latcb commands thc‘sanple hold: nodule to Ho*d._‘
TThc,fnrst nonostah!c prow:dcs the tlne de!ay requured for thc hold nodc
.to settic, at the end of wh.ch thc sccond-ﬂonostablc SUppllcs the start

-

S pulse for the A/D convcrtp(. whcﬁ thc A/D convcrs:on is conpletc a 'Bonc
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'SPECIFICATIONS
N . 1 - L
ELECTRICAL : Bettting time Lo N i Iman b 13 201N
- _ uotueca-,nm......'....w,u‘ e

_ Anjlog Input: . : .

Andics inpul voltege range . . . OV10 +BY FS: OV 1o ans Outp. ldm.ng [ 1 I “3OVipaee o .

N T bVEse oV rs’ l Pcriormanco. S L

Irpspovmolage ... 5 tf:‘g‘:'("(!;;:\\:;‘h.'m“'v o Gl T o e 10280410 40.922 Min

" lagvtacurte ssiieal L L. 10 me mes, ' Accursy (@ 26°C) 1L L 1L 200755 0t 15 o
. ' Linearity . .. ....-..\-....'001‘,

Mode ennyolinput . . ... .. . DTL o TTL eompanbdle, pmlwt

. loFe
> irput Wnrh\_.\ <
. |5 dcoge TR Jidaer ]
. : C ] Sammgle } g oV 'U i
) " HMold g 2 0VYEe J _;‘.’
eSS SRS Dol

Rite 878 Fall tirve 10 nyee lQ
1 matntein ppziture Lind spec’s.

Anslog Output ‘

Oviput voltaga rengs . . ., ... ovu: +BV, OV to +10V, 1.:\'
410V ‘ _

Quiputcurrent ., . ... zsm Sl

Dynsmic Chm:terlstlcr ‘ a
Bindwnidih | Clo EQO KH: fman} Iutl n-mw
ﬁ ) point
!D\‘} (ﬂun)!oiOi%o'fS
of input 1.9-1;!

A-zquhl'uoq-liriw. R T

- ' ‘Apcﬂurl tima . ... ...
. . imer

o o .

. 10 eume o (0 nice detay, "'nuc

. Tevpetature cocligiont ., . .. 22 t:)m!cc
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Tre-initiated fuss then 50 microseconds after this point, but this ”ﬂ?‘d

- basic AJD convcrter..

. sargles o#cr_the sbccificd rangcs_of Halgh analyzgr opcrat4on.

J',’:;.'t.'.t' ts - groduzed which resets the latehe and rlCtUFnS.'th(: ﬁ&'-‘!‘pl(? hold
. - ' ‘ .

module 10 ke samaple or track modgg‘ The data conversion cycle could be

.ri-:-a_.'i: in g higher sampling rate vhich is unnecrssary in this analyser

sentert. The ASU tOnvcrtcr,”doﬂc“ ¢u150‘is rmade’ available so that it can
e oused to initiate BCCUTUIQtDF OquOKIOQ;- ‘ ’ . ' ) -
¢ . ) o
- . . W
The uperating chnrac:criﬁzics‘of hny_voltagc samplind¥and conversion

.

SRR LIS ¢c:crmt}¢a by ch specd ond accuracy specifications of

' - . . v . )
atﬂ:fsdqai=totponcn:$ used in’ the system. *The system presented here could

. + Y

sacpie @t a hijher [‘rcq;.cncy than 10 kilohértz'duc to the short acquisition

.

tire of the sanle- hold nodulc (dbout 100 nano%rcondr) The contribution

maZe by “the a"‘dttno'\ of :h«_: sqmprc-hold»r_nodulc is [hdt :hc conversion time

rt:u;rgﬂcﬂ;'éxdrc35éd by T, in eaua:ian,(jill) is, in-cffcct;.satisficd

:¢J:h; apie~ hold module's apcrturc tnnﬁ SpLle cation, Ta. "The figu?c

~

Tisted fcr_TJ_o. ‘0 nano,c”cnds is suff rc:cnti; less ;haﬂ the 15.9 neno-

-~

sceonds catcclated for T, The Juttcr fugurc of 2 nanoscconds‘lnstcd

Table 3-2 isialso‘vcry good . Th:}lmcans that the uﬁéértainty_in'fhc"

N Iroc&rxtk;n‘of cach s'ar:;p!c is 'd;-\ly' 2 nanoseconds, which is only 0.002% of the

. shortest sampling period of 100 microseconds. S
3.5- - Sumary .. Lo

at xhé$inputavol:agc sanpling system rcquirqs

thc use of a. ‘Od'pBSSJFIJtE;raﬂd a 5aﬂplc-hold nodulc |n addntlon to zhc

The rcsultnng sanplnng systcm produccs valid dsg|t|zed
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oo tiug fregquency of 13 Kilonerte allows tne analysis of peciodic
. . . P ¢ .

weveforas wirth fundamental. freguencies of 50 Hz for signals of unknown
. ] X o [ . . .. 2
Baroenicoeanlert. ‘ : ' 4

-

The sarpling system fedtures decade range. switching over thg “F

. T 3 - - s
{diening ranees: 50 M2 - 5.0 Hz) 5.0 Hz\- 0.5 Hz, 0.5 Hz - .05 Hz, }

.‘. + &
f.
.

(S5

rne - L0025 vz, THis maintains lhuﬁnumb&r of samples produced in cach

tencw botween 200 and 2000 inclusive.
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Tre Walsh dnu!)‘er design reported by Siemers [ 9] implemented

vhroanulrement equatiens,

By =V Tooient ssu {a,) salls . a)y, - {1-10)

By a ceebination "of paralle] end serial accusulutors. The guartized

cata savole, Q , was fod first to o parallel accumatator wivich pro-

S h"
vided an overfloe output at a'coﬁnt‘éf 256. This acconpllshnd le:Jlon

Ibf Py the nuzﬁcrlof d=531+26d "dtcs o- the A/D convcrtcr used .in that
versien of the snalyzcr “This ovcrflcw 0utpu:. cither posntavc or ﬁcg-
:ivq}.dc;cnd;nﬁ'on xhc.ublsh functicn and thc samplc-sign, was then’

.:fcd RL ;i jhed accur-!ator uhnch opcratcd in the scrlal nodc. The

c0n: sts of this. a:Cumala:o' rcprc,cn:cd the Walsh coefflclcnt and

- - - -

‘contanncd 2 factOr of (F/V ). Hence, it was'nccéssary to cmployfa

.

‘separate covntcr to record the nuber of samples taken dur1ng he cal-

~CUlataon cycle o‘ the. ualsh analyzcr and theg to dav:dc the ac unulator

cuntents by H after gﬁp-caICUlatc ;yclc.wus comple;cd,

‘The srithmetic processor design:presented here uses scrial
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tolhiing nethody caclugsively, 1t is shoan that the divis'id; Ly H can
Srelpmrtorsed by the corbination of u ovariable nodulus covrter ond a . &
woed actunulator, The nocber Bois roade availabile immediately at the -
Ttermirslicn of the Walsh onalyzer's tinming eycle by a counter.which is
civiwg 3L the sampling rater Special, tizing circuitry assures that
A L . R o : v
PN L T - e - ]. - ! oL ‘.
v Counler's Yingl stare 14 exactly .L-'zu..-l 1o the number of sascles
thol wel il e roade during-. th fotlo«cr-g Culﬁu‘dgc cvele.. The term H
3 e . i .
: . o e ‘ - . , .
toen delernings i:ﬁ/{bunn modulys of thc“signcd aCCUﬂulntor and the
walsh cocfficient iy available irmedi ately at the [Lr“lﬁatloﬂ of the
Lorcrlate cyete, Since Lhns corffsC| af has not‘becn divided by, it
. » . r . s . ! b
- u .y - - - . . * ’
it in the sumes 80D fracticnal fcrnat as the digital word produced by -
the A/D-ceqveriert 1t is therefore siopld to nomalizesthe waveform %

y

imret woliage fin relstion te thc‘vﬁax qf the A/D co%vcr:cr. _ - . ) i
i - . . - . g s
! - . f
L.2o 7 Murber ¢f Sweples {H) Counter . )
The sample-convert system dcscribed-id Chapter é receives its . ;
N - - . v : L.

Y"coovert cowmand at a 10 kilohér:z ‘raze when the Walsh an'aly‘.zélr s S ‘:. ‘
’ ‘ -t

- ) . 19

opcrating within its hrghc (SO Hz - 5.0 Hz) rangé.= This 10 kilohcrtz

i coal ns dcrlvcd from the 10 mcgahertz sys:cn clo»k by a d|Vsdc by-lOOD ' ."‘ C
\ .
-‘“COunqcr. Afrer the ;onvcr:_canﬁand occurs.'a flnntc-tamc is rcqulred gc
L R ) , Ty
COcp!c:c the conversion. 1t.is ncccssory to s|nu1atc this time delay :

dur ring thc analyzer tamtng cyclc to produca an accurate count of H.
i .
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L,o2od Saraling Rate Generator

Figure &-1 illustrates the »ampling rote generator and includes
) - Lot --s——.—_-....-- 1. . '

thaec3 sdditianal divide-by-10 counters needed to . implerment the ranqge

a:l;;h?ugsorur_h decades.’ The highest sampling fatc. 10 kilohcrti, i

goriwedtdirectly from the divide~by=106) counter scries. The next lovwer f
cumnling rate, 1 Kiloherts, is obtainecd by dividing down<Che system clock

. : e s e e e PSR
fregaency v one additicnal cecude counter. Switening the Givide-by-10G0° |
cuurter 1o the dutpes of the second decade counter provides the sampling”

-

tate used in the third anaiyzer range, and 50 on. The decade range-

Cewitching divider circuils are sithatcd at the inpet of the dividc-ﬁy‘!OOO

cunter series so that its outpul can be permanently connected to the

Geise shaping nomwork. This network has an additional input which is

conrected to Yhe generate/clear control input. Hence, the first convert"

-
L]

command pulse is produced immediately when the sawpling rate generazor is

turrcd on.  The two pulsc shapers within this network feed one output via
ar R gdiing function which is connectdd to the H counter and thea to the

-SJﬁplc—cohycr:.S;S:émfduring the 1imiﬁ§ ang calculate cycles, respcctivelyﬁ'

AN of-thc‘coun:cr modules shown in Figure 4-1 are asynchronous decade:

counter, ‘numbcr TLYOA.
In controlling .the sample rate generator, it is necessary lo

4

clear its-counter at the cnd of, any cycle. This assures that the '‘convert!

. .\ . . . 5 :_ .
cowands always occur at the same point in time ;n_rclat[on to the start

. £ . L . — : ) ) .
of the cycies. : : : : ' I
) - -
o -
[ -
S -7 .
) - [+ .
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o0 The hiotest vurber of semples that can be made in afy operating
' . . L . ) ' . . ; -
- ‘ A FUr e T N T T : . . '
Tor o of the gnalyder s CO‘CU'Jtﬁy by dividing the vange's low fre-

. L. » . ) ‘ ' :
T s wa Kb . . : . ..
s Awrizy bamiU b ity sarﬂlnng rate.  fFor qunﬁlcﬁqﬁhc | o frcqucncy limie.

,l
- - - -

9; tne tarn teetne is 5% Ko Diviginq}ih?s Pt lu klth\f" y{ﬁlds

3
[
ha |
“
il

swll ot the high freguency lihit (9GMH:} is 202

. . C- . - R . ) .

s Lecode Tdhji’ﬁkL*Chsnﬂ froture of the Walsh.oonalyzer main-
~ ' ' ! ’

er of sumples belucen these two liits for all b oserating”

o

fannes . Thcrcfom;k L decsde qoun:ufs_qrclsufficicn: tocount and store.
Fd . . ’ l- ' ' ! . .
e rivber o’ nrples, w. .. S ‘

- . ) . . . Y

Figure 3-7 of Chapter 3 illustrates the tipe delay necessary
. - . . : R . )

. N . + - i ’ . . . ;
10 catpicle gn A/D conversion., Actetal of §0 ricroseconds is rcquurcd ¢

Strer the ”touvrrfiﬂggfnind is received far 'hc cigital word. to, become
f 2

availahle at the Converter's oulput. thbrg h -2, &hibh-cnn:ains a

LI

L STy . _ _ -
Lrator, t!pc'7h123,Ato-5ﬁmu!alc the coqvcrsibn‘tiﬁe delay. The
- | . : - '

d'n“r1ﬂ c’.~hv ccrptc e ;J”“i’ Tounter, |ﬁciu Y- d Lual noncS'abIc

~h
<

. . e’ . 4y

1
fiesz half of the module provides the 50 microsceond delay and the sccond
- hasfnrogcnqragcp the “convert! pg!sc uﬁ1ch_clo;ks the .decade coupters.

- -

—  Thui, 5 “convert'' comnand which occurs too near, the end of period T.to

sul:;in calculable datla wild not causc an-erroncous count i the H
countcr duruh” the timtng Cycie. S o . S "

-~ . . P
. T ‘ :

Thc H counter is c!carcd prnor to thc start of the. tlnlng cyclc

- -

v v
1

by the analy:cr control too:c When :he timing c;clc tcrm:?a;cs the sanpilng

%

9i gnal is no lOnrcr rcCr-vcc by thc ﬁa*plc Countcr The countcr rs “then ¢
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e bd e Bts fEnal count-state making H oavailable for lhctfollodinq

taicuiete cyvcle ar cyveles.,

ie b L ey ,_.l‘\ e . . ) . . '
Tne <ecpde caqngur nodules shoan in F.gurc_&—E are afaln type
denenoand they are wired Ter BOD operation, The Set-to-9 “inputs are

vﬁ;ch; L . L

“.3 S(;“-f‘:'t_- Pulne Gererator

wnen the ASD convcrﬂjcn pgnration_for E given sample b5 com-
]

zted, the gigital word is ava|13oic at the cow:cn;cr s OJ‘QUE a5

poraliel datal| This daja, in the case of the 12-hit LD A/D converter

a

eoployed here, is presented as 3 digits on 3 croups of 4 lines. A
! T o B ~ _ S - y
voliaze polarily output is alsc prosided. lgnoring the polarity, there

N * : B

-

are 1000 possivie outpul siutes’ ranging. .roﬁ 032 to 599, " It is the

- . . . . X “_Af. .
surpeue ol the Samplc;Pulgc Generatlcr,to convert this parallel data

: : ST ey e .o
inito ax cﬂxtvaignn nur‘cr of pulses which are tosbe counied in scrial &
.. . . ’ . . :
: S 10 - -
accamilators. Thc'dcsifcd pu]sc frain is produccd by loading the A/D

Yonverter? s cu‘put data xnto a 3~ dccaﬁc BCD 6033 Countgr *nd-clocking
the counter down 1O thc-al‘-iCIO"Staic- The ndﬁbef of C‘OCK PU‘*LS -
K

hLCqu to do lh,s'.g thcrcforc cqu-l to the conver:cr 5 ¢utput code end

app-sqr,;1c gatang fccds :hb clock pulscs to 1hc DCCUPJlOIOr c-rcustS-
2 ' s

Figure k-3 .1‘35tragcs the Sdnplc Pulse Gcncra{or diagram.. Thc pchCt

P

‘or loed and cobntdoun opcration is handlcd cffucncn*ly by thc 7&\90 PEI

counter ricdule. its internal ¥iring diagram and charactcristit timing
e b . : .
details are redroduced in Figuﬂc k-4, The 74190 provides a‘maximnn
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Guatpet o signal as soon 3s\Uhe ferto state iy reached in any counter
cutace. A Zero stateTin all 3 counter staqes is delected bf a MAND

- . r L ' - : :
cate wrote outpul . stops the . clock pulses.
e .‘A 4 v et Al . S ' . ) i . X
Proper clech pulse gating i« p.pvndcd by the SN74120 Dual ‘ '
Tkt S;gchrani;cr. lts un.crnal cn’cuetr; and rhqrac Lrnft1c t:h1n" '
. . ' ) it

seloily are rvwro_ d in flgure S-5, hc sulse 3ychn6ﬂizcr makes use

&?uJ!

Hatching circlitry ahich assdres that only ciocn pulses are

seted through to the eounters.  This precludes the pOsﬁiSi}iLy 1

erralic counter operation duc to shortencd clock pulzes. The pulse i -

synchroniadr has two modesiof operation, controlled 'Ly pin M, -when M

]

Gy Hi un!yléné Cicck pulse will be p§s;cd by thcjintcfnal Jﬁtchﬁﬁ, when ; "
Moy LD, 4 pulse :rain—kjll be paﬁsbd wivi ch is terminated by the Scet/Rescet L
-:wﬂ.." ' | - | .‘:' . e . ' - L i
rhpoie, ' o . - . ‘_,-  _ d“.. , é
The single-pulse modu‘is used bere to ‘lead -the A/D converter ] o ;
Cu:;u;”Tita the 7&f§0.£ount5r'modulcs. When :he'ETKTU§'§u:pu:'of g%ui ’ £
Sé;cfic; Soés from Nl'to LO thus si;iﬂg the “donet! :ndlcat101 oﬁc clock . :' é
ﬁglﬂc‘ fcd to the load coairol p:ns.of the. thrcc 75180 counkcr fanother . ,'§;
'{o;c p:;;c_cdn bc‘produccd.;nly qftqr_thc gfxTﬁglou:pum retirns to the T _“.i
HL state and then repeats the Hl to LO transitiox, - This sequence Securs .
'thﬂEJﬂdtth‘dﬁta_senplc is;prgcéﬁﬁ;d-b; tﬁé sh&ﬁi&4c§hVer;,sysicm. . :
. ihc.puisc't?ain modc;is.uscd :o'p}o%idh éhcfﬁounter clock éu%ac§ ‘
wh-ch arc.also the ;ampic Pulse Bcncrator our.pu~ pulscs. Thc control SIS
 inpu: 1o this section of thc dual pul ¢ ,ynchronnzcr is dcrnv;dﬁfran.thc
}“!nDU~ HAHD ga:c wh-ch 5cn$;s thc'all z;ro sta:c of the 3 BCD countc}s."'
.UhCn Lha_coun:g(f receive: thc load cuﬂﬂand thclr output puns assumc thc
sare state 5;‘thc$A/D tcnvcr:pr Oupput.u Thcrcforc the all-Zcro state
| * _ : . . . ‘ﬂs'. .
T . ‘#" .
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soanta eooursiatior. The input to the 515ﬁ-” dccu uiaLor is, in qgzneral),

ccunters can also pass through zero in the up-count mode when all counters

Pesighed sccwuiator uned Tin the Dual Arithiwtic Processor

Tatn primertly ©f 2.BOD up/loan couwnter roduld foi cach decade of

wctaTwielur €3patity. Also neceusary are a lateh suxilliiary goting
o o | ' . . T
to presite wigh infofmation, Figure 427 illustrates the cocration of the
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- 1 i T .
@ opwine lrain of warioble lenath.  Accerpanying the inpul pulse train is
< Ui?hxiﬂdiCd:;ﬁﬁ. Sinze the rupc:i:iba’r&:& of the pulses is conitant,

e magnitude of thr count in the asceumulalos will change pt @ constant
rale.  Hence, the acqumelater contenl as represented in Figure 4-7 changes .
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cart %Hu'ﬁals' tronn are Jctuuily not CO"tlhuOJJ. but repres unt

[
Siuerete Llote c,'\an.jt:', '.‘::. illustiroted in the tagnified section of
e 5-3 - o . SO ‘ : :
P VR | | - : 5
Tae type €285 MST up/down countcr rodule convenicently provides
. e o g , .
arlothe coent rry functions necessary in the accunulator.  Reproduced in
‘. - ‘- N ' ! ) . . s '.
Foowre 4% iy the internal cirguitry of the 8285, This-circuitry U
srevides he anlersloge CanCC&i?ﬁﬁ nucc55ary tb cascade dccgdc segtions .
frr mullinlage count .. The CARRV ouT connhc*1on5 a!,o orovice cortrol :
S
‘or’ the aign generator.” The. interstage connactlons for a' b-decade counter
are shown in<ﬁ}€i:c L-g, Paratlci clocking Ls cmploycd and‘thc CAl RY CUT.
ot tne fifnl stage p OVidCS the COUIT ELHBL_ aer. of the following 3
. . ." <
Jetases. The $ign cencrator sugﬁﬂs:cd by SIC“C{IC» Corpo'atnon [11]
‘ . :
Pitusiroated in Tigqure 4-10. The sign gcncrator caﬂbincs the jn;F: count
: . L N S . o .
sian (85N}, the COUNT ENABLE and the CARRY OUT of the final counter stage
%o deternine the sign of the accumulator contents and 2lso the count mode
“of~the L cecade -'agcs. ' The logic function provided at the output’ of-the
4G generator is R - S
Cu/F e sowp, o SEE, 5 i
SU/D = 50N _?*.+ G*. - .(h_.l) R
: - .
where . ! ' :
. " S " e . . T ' o ~ . - e
! L - o IO woox ) o - S
. Py =Y for my o0 | (4-2)
K . ’ B . . ! | ) L. l
P = g for Hb £ 0 . (L-3)
: L + o ’ : - . ~
* ‘N - nmcr o" c,o.;‘jts :n COJHECI‘ ’ s -
" D ;
S ey .
) . SGN - "l" for po : ive input c.ount .
SoN. = g for ncgatlvc input count i - - Y
Listed in Table 4-1 is an cxamp1e of the count sequence produccd.-by the
X ) ' ) ~ .. : Vo .l - . .
8285 module and the sign generator.
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pocuusc uf thc hugh op@bd capahuluty of thu 828,, Lhe accUmulaLor wtll

' Cas

'aL'upt :nput c!ocknng pulcws at a 25 mcgahcrtz rate,‘typrcallf ,;
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afLLr statc 9399,.rcturn to 0000 und contcnuc counting Thts cfchL*

N

' ‘JVL‘Y accomplrshcs dthsion by lo 000 Thg 8285 HS! dccadc Cuuntcri_ﬂ

'ﬂstages conta:n the Iog;c rcqulrcd to detect ‘the overflow statf and th:s
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’ N ' (D
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LS/ v, :
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?u;providcs dual outpu: bf orthogonal Nalsh panrs aqd the scqucncy of thc

Pair 15 dglerMIncd-hy cx!crnal parallcl input. The gencramar de5|gn

ie easlly adaptcd to*othur configuracions. to |ncrcasc sechncy capacltyo"
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,__.» ‘I’hc four major subaystem of thc Halsh Spcct.ral Analyzcr have s

".bt.cn prc&cntcd in. detai/, In lhe prcccding chapter : These subsystcms |
‘ o -

”ara lhc timc Pcriod Gencralor-ﬂividcr, lnput Sampling Sysbcm Valsgh

. '.F“"C""“ Gcm-‘-rator and Do.Lal Arlthmgtlc Proccssor., A f!fth 5ub5¥-3‘€cm As“"' :
‘1;prescnxcd l" ‘hls ‘h°é£°f~which comhancs thc SYSIem closk and sample ;;tc _ . s
""_’.‘-:g‘cncratnr clrcu:try. This circmtfy ls ﬁW rcmovcx.l from \the othcr L
__-_subsystcm. thuﬁ slmpl?fy}ng st:ém cﬁntrol and climlnatfng dupllcate_d

:ffpnr:-é;q Thﬁ cub«vqtem dtaoraMR 1whorc s:moluficd _arc“prcsentcd herel i ;
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Thc vanous analyzcr operational nadcs are da scussqd and the

‘1".’re!¢vam contx'Ol _-and c]ocking condftions are prcsanted un a table.‘ R

Ii.“.'Hﬁans for anal?zar %ystem control m‘l b¢ i""i""'-""‘-"“’-"“’ bY "P“ia"p“rpose

analyzer.operation,
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'aﬁisluonal countnr-dlvidcr and galnng circu\try :s rcqulrcd The'

”'coihlncd d-agram is illustratcd ‘in Figurc 6- . Thus dnagram Ls very
o 47.,___#,_‘ ' ]

5|ﬁ}!af to :hal shown ln Flguru h 1. a the Snmpllng Ratc Gcncralor.¢
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:'J;g-.ﬁnw ing’ ratc &Ignal ,“ 5upp|led by thc gcntrator dc crnbud !n {hc prcveuua

! -

.“thn'- U
.'¥Q; annluguc input bu!fer anplnficr is ga:ﬁ-ad;ébtnblc 50 lhal
R zh;‘ahfolulc mugnltudc of thc |npu1 wavcform nay bc nornal:zcd wlt; '- ‘:}ftk‘.:
' w; pcc! {0 thc ﬂtgllizcd coafficicnt oulput._ Thc huffer ampl:fnér . ;;1. “-“.f

ld to the four Ion*paas fl!tars. and digltol!y-control%ed analoguL

. R AT - .
i 5ﬂ:tchc5 5cl¢cthxhc,output to bc mcasurcd.. A fnfth ana%oguc sw;tch *
V l‘ 8

"Permils thu low~pass f!llc s 1o bc bypasscd whcn analyzunj an Input e.,?é%%}n_{tﬁt

_ _».,We-forn o} ;'»ufficie'\ﬂy band—hm l.ed spcctral congen\ The aﬂaloguc T

; j;dsw"chcs nrc drivcn by the samc control lines wh}ch scl;ct thc analychfii‘
L-;ii .;s;stem ciock aud sigpl:né rateﬁ Only one analoguc SWilCh is iﬁrihc 7-: ;.-ffdi?V-

'.""'0“" state athchn t,im. and 4bc switch outputs fced the sanpie hold- -

: < e
uh&n thcvsample command occurs.: A prccis;on rcctnfaer~
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rhc cnc'mt Hlustraxcd in F:gurc 2= 3 Thls Clrcu:z CDfrprtscs a' : v

,;' subsvstcs w.th unly lhrev input' and thrce outﬁuts. Thc sys;cm ClUUP-Z”&~

:npul 15 conntctud 10 thc-carcu:t dc Lrabcd tn Scctnon 6 2 Ihc nodc‘ S :.;
: -1 - . , .- S . . t B
con:tol lﬂput Selact; cuthcr the. pernod ncasurcmenL modc or the |

¥ W

anxcrval grnwralc rodc.- Thc rcsct input rcsc~5 thu cbuntcrs to 7cro

-=p"or Lo a mtasurcwcnt cyclq..

Thc ovcﬁv.nqc an&-underrange outpuLs giwe |ndican|on of eslhcr
“H';' a3 too h:qh or tao Imw sys:cn clocL fregucncy, rcSpcctlvely : whcn clthcr R

S 1ndncatron qaurcg 3t¢red, the analyzer range seLect;dn-can:rol rs;

. rcad;ustcd fot in—rang¢ operatnon. ’}he T/Bk or lnte}val output provudcs
'.'_"';‘ _.3 : S ‘.
' rhn 1n{rrval r!nrkino pulses reauired bv lhe Halsh Function Gcnerarwr“'

N t
.. .

held in thc generatc-pbsatlon, rcsett:ng

If -thc &ndq mntrol ,_-I"
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' . .umlyzcr arc pcrforid by a dual prom.ssor wh:ch cons-sts ot’ the

‘ su!:—systc'm‘ c.l'c?n@n'ts‘

:

" Pracessor.

‘ ?‘r'ibk to the f‘lrsg cycla, thc counters and accuraulators are set ta zt.ro..l

iR}
-

iy nnspﬂndhl*) to a \lalsh cyclc of 6& m:crvals Thc cnd-of cycl’c flag

is taken {ru- Lhc allcrnatc poaltlon as illus(raicd in F:gun. 5 9._ |

ﬁtxgh ‘VLJ undicaliOn aftcr thc 6“ inlcrvaJS thL c!apsod
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cribcd in Chapter fi Thcsc subsystcns are thc

Sm‘plc Counwr. Sanplo Pu!sc Gcncrator, Programmablé Dw:saon- or

~

Thc Dual Arltlm.uc Processor operates in thO modcs wbich

s
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Y ,l?. .aﬁd tdﬁv?r-ion iy c0rplctv lhc aﬁconpanying lcvcl sh:fﬁ of
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. h?i'% ?a!,h runctlon Bcﬁ;§dtor 5 end-nf cyc[c fl‘r outpul.; J ff : -*}h -; B i
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instrumcnt wlth fiue hasic suhsrstems. Dccade Rangc Switch!ng Systcm Clock

and. Sampllng Rate Gencrator Tihe Pcfiod'ﬁencrator-D|V1der lnput

Samp!;pg,Sy;tcm. Uaiih Func;ion Gcnerator -and. Dual ArFIbmctic Proccssor. 'df-ui

Svstcm coutrol for pcrﬁod mcasuremcnt and calculatc %yclcs 1s. V|a ane
resct controls an33tuo modc controls. Four control llnes are rcquured
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- to adjust th- syuul's Inurml clocklng fr.quencles 83 2 one- of-four.'

.. selection. The soqucncv ordof— of th. omput Uolsh coefflc.ients is ..- .(

' ) ulecttd hy miylng blmn' codod Ioglc lnpuu to the \ﬁlsh Functlon

: Goncntor uqmncy addrou Input. : The output \ulsh coeffscnen s retain
thc aco fomt of !hc AID eonvortcr output. Thc Supla Cmmter stages .
also wloy the !CD forug,, ond ' ¥ rudout of their values will provlde S ‘

& time msurumt of th. poriod of the lnllogue lnput uavcform | \/

A llhoratory .I)dtl of the Dlglul \hish Analyzer Vs constructcd and
atl reicunt p.r-nten “of. mratlng speed. t%nlng lccurlc,' and tlulng dc.lay
| were nrlfid to fall ulthln thc boundarles uhich have been dcrwed here.

Tht ui and ul coofflclcuu producod in. response to knoun sine rave inputs / ‘
o

agrnd ulth tht alcuhtd nluu. Oumg to tﬁe r.mpactncss of ‘the circultry

5\

the pn:tlul/problm uhlch mmlly ncco-puny the ﬁgbrlcauon and testlng

]

. of . dlglul mu mt- ware gfutly nlnl-lzed. o L




i ,imud by amlaguc fllun. u-pltng und comrerslon module- Timit the
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ﬂn Dlglul Hllsh Splctul Annlyur achlcvu lts level of -
r!omnu by nklng utmln use of Hflm Sule Inugratlon\%(L

ln?ogutod circules ldlich Mn r.ccntly become avallabla._ o

' -.ill!sh mﬂlclwtl of progr’od wqucncv are produced‘“nf:cr om: cycle
' ';of thn Input slgnll oncc the porlod is knoun. aver: s four-decadc range "

: :_°f 0.005 Ht lo 50 Hz. Th. nngo lllllts rcfcr to the fundamental frequcncy

co-mnt Of lh! lnput slgnnl.- Tb:l'e ll no theoretlca! or practncil lou ,‘

fuquuu:r ll-lt to thc lmlynr s opcution. Practlcal llm-tations -

-

' 'j ' 'ﬂl|mr s u-pllng rate tolokllohertz. For input sigmls of known
'bandnldtl'&m g;uttr thln 32 tlm th. fumhunnl frequenc-.r. the nxtmuu L
"'fundunul ny bc Incraull to tso ll:. whllc qu mmrn.g tnc full

13

l_ 31 ihhh coufﬂclants or: uquoacy haruonlcs., In the tase or unknown -

: IIM hululdth. ttpo -ulm l‘imdaunul frcqucncy Is reduccd -10 50 Hz, )

-and froquncv hndll-itlag !s pfovldod by a low-pou fnter o

ﬂn lﬂ kilohcrtz s-pllnp nt. nlim loo nlcrosoconds in whlch to

",proqus m dlqltlud nluc of uch u-pla. A dsul processor simuluneously

a ulcuhtn hnth tln u! and cal

rumt w th lmt slgml fundm

fﬁclmu. uhldl al‘e nOmal |zed wll:h

1 frcqum:y. ‘ Thc r.oefficicntl

e “” mw "' t"‘ m '““""“' "’"‘t "“ﬂ by the A/D converter -

"..-'.‘.output. tﬁlcﬂhl‘-ﬂl!lu mmllntlon with’ rupoet to tho input slgml

S e
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 assumed, the use of tunable low-pass flltcrs should bc snvesthated uhcn

,'vOiLﬂﬂc. Thc 162 nucrr:sccond sarpling and proc; 5;nq eriod i readily-

~

CO!&JIL!L with thc serinl arlthﬂrtnc tcchﬂuques thploytd in thc anul,zcr.

’5
A annifucantiy shortLr prohc s:nq pcrnod would ﬂCCLSS%Pa{L Fastcr lou:c

:SQLLua lhdn are evallablL in standard TTL quItal ln[eqrntLd circunts

urdlor pardilel ar:thﬂcttc :cchningc .hn increase ‘Iin sampllng rate would

alsa pose Jl!f;»ultica for tné‘input Sarplnng Syf ten: 2 possibic conpramise .

‘i i dncr¢as¢ tme A{D-con.crtcr rc,olutloq :o rcIax thc acquisition tine

canstrainl. A otrade- off (hcrcforc cxlsts betvcen analyzcr sp(cd fnd the
d .. - .

oiut-on of the measured cocffic1cnl

The nnnlyﬁor dcsi*n as dc cribcd rcqu:rc, 70 digital |ntcgraLLd
3

wcirCuit packa"h and scvcral analouuc and convcrs:on nodulgs Al of this®

.

C|rcuu{ry can’ casi!y fit on a 12 by 12¢ prlntcd C|rCu|t board posssbty
with Spacc availa“lr for the !0 ”cggﬁert‘ systc" clock and pO\Lr rupp!lcs
Othcr Nifiﬁﬂ COnfiguratlon5 are. p055|blc, depending on ththcr the analyzer
15 Qs.d -as an sndupcndcnt tnslrumcnt or s antcrfaced to a c0ﬂputcr 5y,tcn.

Sincc ¥ow-poss fi!tcrs with fixed cutoff frcqucncics have been

o

-

sﬁitabig dcsigns'be;onb nvailabte. Depcﬂding on thc range over whlch

ihe‘agtoff frcqucﬁcy méy bc.adjuﬁtcd ‘an octavcr as opposcd ;p‘decaqg-'

ranging intcrnal clock syslem mlght bc dcsircable. hdditibna1'spacc’

aould be saved if 8 singlc tunablc filter could replaCe thc nxistlng

'-q__‘—l—“ '. N . . " . (N
(our fixcd flltcrs- : o o : : x oo

e ) T

S R&B tional attention shouid’bc givcn to analyzer design altcrna:nvcs

.ﬂenploying lou pownr circul:ry. Hany of the dlq’tal logic functuons nost.

used ln thc analyzcr arc prcsen:ry bccaming available In- low power CHOS

dcvlées. and ‘the clrcuit modifications to acc0modate dctall diffcrcnccs

ot

4




o o6

- - . . . . } . - ) e

would be wingr.  The expectation is that ceven rore gates and counters will -

. . . B ' L] L. - ' ~
be combined in the standard intcvratcd circuix package. A parallel”

"_'dgvclopacnl_i* the avun!abulity of lnnLar circuit functnuns in CHOJ

L}

dcviccs. Furt\cr |nvcsteqatlon hlll rcVLal wncthcr all of Lhc Vincar

fun;tuon' {fnitcrunq. ,aﬂpling, h1D convcrtlnq) are uva:lubtc in process-
N : . - IE
cn*an.:alc (ros fahrlcation Onc could then "{|Qu the fca,nbnllty of a

tcta!ly nr‘curatcd Va!rh nnalyzcr.. Such.an ipstrument would have a very
Yo panier rcquuremont and: uou)d be Suitanlc for battcry orcrat|0ﬂ on } f. o

- ) N ..!.-’ )
rcnotc lclcmxlry.‘ A rcfinCﬂcnt would bie thc wse of a Current-saving * .

stnnd by noﬂc for all cirCuitry not- ncedcd between samplnng or processing
Ouvratlons Thls kuld furthcr rcﬁucc powcr conSUﬂption whgn analyzlng
‘very IOW frcr‘ucncy _5|gna|5_ - B ‘ o ) : :'_
Huch of the \nalyzcr s cffIC|cnt usc of d:gttal .aruaarc is due
10 th¢ scqucncy prograﬂnabnlity fcaturc of the Valsh Fun;taon Gcncrator.

ikacvcr the maxlmum rate at whnch :hc qcncrator is clockcd is 9 6

. R

kkilohcrtz. whlch corrcsponds to a bandwidth Iimited input s#gnal hav:ng
.a fundahcntal freQUcncy of ISO Hz. The gcncrator can also bc constructcd
wilh CHOS dcvi;es. bﬂt appllcatlons rcquiring its high specd Capablllty
.should also be invcstlgated Standard TTL inplcmentatIOn offers clock
rates abovc 10 megahertz ulth an orthogona\ity error of a few tens of -
f”nanOSccond uhlle Schottky-clampcd TTL inplcmcntatlon incrcascs clock

| ratcs to well above 50 mcgahcrxz and rcduccs orthogonallty error to a few g

O

:nanoseconds.' The comblhation of scquencv programnnblllty. high spccﬂ and
Iow orthogonallty error Inv{tcs use of the Ualsh Functlon Gencrator in
'sigﬁh] nultiplcxcrs -and waveform synthcslzcrs Opcrating ucll into the Vo

*

.*mcgahertz (cgion,_ B _ Lo
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