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'. ~ - - r"·· '.' 

1Oho~ seqUency Is det~l~ by a'full~-decoded 6"'blt per"ilel:blnary,' 

Input. The MqUeney ~rogr .... bllity f~ture IS'economlcall'Y~oapl_nted 
. ., . .~: \\ . 

'~ ~ 81nary bte IiultJpllers and· a 6-blt perallel full. il.'.ldtlr. ·.The rate . , 
"'1tlener outputs bec_ toggle logic' functl~s ...... ICh arc fed to synchro- --
, ',·--~r. .' .. " . , ). 
inously,clocked T-typefllrflops.· The'resultant Walsh walres eXhibit an 

, I. 'tt 0 ' .;:. .~--.' • ~ '-•• ',.' -.~ , ,.'.,. .,-:-' • • 

'. orthogOnality error on the OI'der of nanoseconds due"bnly.:? the difference' 

.In switching tl_ be~ the ~ fltHlops •. Thecoaopi.:e Walsh.function 
. . '. • T., . . ' 
g_ratorl..,l-utlon·to a ..xl_ sequency of'63 requ;'esonly 7 
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'" . , 
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· - .. '.' .'.. .'1 ...... . .. _._._._. / "'-'r 
.,1ntegrated cl,reults. The g_rato,: design Isl.nherently f1 exl.ble arid 1liiY, 

. .. ..". -
be adapted to very high spMd or,to 1001 Iioo;oer appllcatlon~. · '.' ." ..... '.; .!... . * 
Welsh array ~ratl.on. ' ... ' . . . . .. 

and also to' 
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.... . c. • 
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s.pllng,.~~~edof en "'logue-~lgltalconYer:<!r ~ed by 
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, . " the II~ logue-to-d Igl tal -supplle$ the~lIlsh cycle Intervlll clocking pulses to,the'W.lsh function 
.1 ~ . 1 /' , '.' ' .. ~" '. • 

ge,nernor. lind II Dual Arltt.etlc ProcessOr'red:ives the dIgItized sI9~1' . / ~ . 
'.. . .. . _. . ..• J . . 

, ~ples lind the HI ,lind c:.lv~h.ies lind' produces the lIalsh c:oeff'icients. A • 
. .. \ . . ; , . . ' s 

IInd,Ii~ •. The generlltor-d'lvlder .. ltes cXte",slveusc of four-sta'J!= In.tegr!ltecJ : / ' " ' , ... , 

couftters.ac:hlevlng,perlod _sUr_t and T/6I! IntervIII~gencration to D.lt 

timIng ac:c:.rKy,"lt~:,ClftI~,1 ,In'tegrned CI~Ults.Th.e ar:ltlwc·~~c.p;oc;ess.~r , 

, ~1"'1 ~neouiIY petfo~s, ~9nel1 ~UftlI~tl~n\lInd .~~:ograrilllabl·e 9ivl~lon ~i.ch 
. e~"lna~el ~,he .-'. ,f-~I.~s,t~na'ln t,jOUlPUtcoc"Iclents.' Because of 

the, bed IMp, rate~, this te,.. ..ould'ot,he~lse corin.ltute " varIable in 

'~h4: OU . t -c:oefflele~t ~Ich -'I d~ent on;~he Input'~efon period. The 

. WalSh flc:lentsare available I~iately at ,the end of the !'occ:ond cycle . ~ , 

of tlie-in t _~efor ... theflrst cycle :belng used ~o measuret:,,, '_vdo",,'s 
. " ..... a.. :I 

lierloct. The .walsh coefficients are aVllllalrl'e In 'Binary-Coded ,'eclllllli format 
'"<IQ. ' • • • 0 • < 

;~nd are usll no,..lJzed "Ith respect to the Input Wowcfo"" 'a,,;(iogue 

voltage., Anal er ,syste!;. control Is stralgtitforwrd and lends itself 'easily , 
" c.' ' . "-

to', speclaJ'..,purpo , 
, . . ,j' " 

hard-wlred logIc Impl~~tl~ or, to Inter;<lclng ,"ith II 

. ~. .. 

.analysis of perlodl The Val~h speCtral oll\Ollyzer produces pairs 

.' of Wrlsh coefficient up to and Inc:ludi'ftg a sequ~-of 31 a~ ;!ccellt,s 

Periodic ,I"""t ~Ignals of unknoMn,ba~ldth t;.v1n9 fUnd--U1 
. . - "~ . ." ~. .. . "" ." . . . . .. .. . ~ 
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'.,',,1"''; 'i:r' f',~r I,'r :.",11 y:. r.~, Co~',,''': i 00011, ".We ''''ollyz.;~r or pcr i od :,c 

(.:l-cctr~ic..:ll ',."",/cfor:-:s .lr(",cr'il~.tr~c:.(:d \ii.:'!j!l> ... 1n ... !O';lIc circlJit 'elc::-:cnt':. 

, . 

often scvcr~l cyclc~ of . , 
,-.f\:~ ir,;;~: :;i~.':,~l, Ho~"cv c r, ·,ic)!:o h . 

• 
, " 

~;:~c=-tl"".Jl ;"'i~."'tly~is.vi.J Cl(d:.',:,l ,tcc..r:r:iquc:s cot::: no:., !J,~frc,. any ~~plc~C:0t.)tio;; 

"'\' OJ'ftcrthc wa,,,cforn ;:>cric;,d is 

• , 

Cne .1dditi'cI1al cycle 'is rCGuircu 
') 

I\l~.o.· the :Gi~i~1 \.I.llsh an~lyzer·c..l·n. o;'-e~'.~t~·> 

wCJI into the '.ludio rC'),ion .:>nd still produce coefficients "r,t,er ,only 

one eye 1 e or the!' )nput \o':.)vcfo~rn ... 'ri:''' 

• • 
~'~. Spectral .lnal"1~is vitl '.!.lls.h funct~qn~ I':\-)Y be described by 

~o.;.p.lri!.~nwi'th the ("ore rami I i.1r fourier Analysis. A pcriOd!c: .... veform. 

f(t). ~y I>e expresscd tl'S· ~ FOurier scrie-s! 
, . -\ ' r [.loCOS (n'M;\l) bnsin(nw(lt)] .f (t) • 01

0 
+ + 

" ' n-I 
(1-1 ) 

where 

'01 0 
.;:- ! IT 

T 0 
r (:)dt , (1.-2) 

2 ·T 
f.{::}cos (n"'Ol)d: a o • - " T '0 

(1-3) 

~' • , ' 

• 

v 

• 

" ., 



• 

• 

~n 
2 .... . 

r 
j,'. I (t):,in (",.., t):a 
if. tJ 

1 

j'.::.., rcrio~j (,:" ~I,t~ .r!.J:-;.(b:-.,;r~t.]l fr.c(::.;.':n:.y i-s T. Tbc coefficicflt~' .-I
n
-

,)',:.; !;" prC'"j,.'o· ·;.nf', r;·,;or.ioo re.I"{v~··?~:h"'·""~O"iC~u in .. the '''frcQ~cncy'' 
,~. 

";·o:~in \·.:ricr.~.~~ :':.11r.h .. ~!,.!ii'~i!. yiclc~ I;.)n:onic~ jn .. thC,l'·~CGue..;cij;-------~ 

. 
. ~i .. ;lilr·ity :..j t1'!e. ·.:,)l~ •. :\· :.~ri(·s -c .... i1:-C"~:.io:1·of ':'1 periodic:.. )I(:"'t:f-or~ t1'(t): 

,. f( t) 

\;!-'.crc 

" .' 0 .' 

As J r. , 

B. • 

. . 

, .\'.1', .(. ';) h .. + . I./' •• C.J, ,s,v 
:...' s:'1 ~ 

J,T"':):.l·{ r\c" ,.." '\~ ~" :S'· ... I .. . 

, . 

( 1'-6) 

(1-7) , 

(hi _ 

of +1 ar',d - .. 1 .~:-H.f ~~c e.1sily, c.or.p.:!t;td,(: with bir.ary-~aluc.:r.di~itc'll 

to']ic circuits' .. Cnc,c the \.:i)l~h co(!rfi<---i-{H~ts~rc calc~liltct.!, they l;-.:JY 

b ....' fr'" "!' d 'e cOn'V!!'r:tc .... to . ou.rlcr. C,CC. IC,IC'r.ts. I. c ~Irc~. 

2 

., 

. The d.i9i:;;llllalsh "nalYlcr prc~'entcd in this thesis is 
=--~.-.-- ' 

develcp~ fr",.,. .the <lesion for~r1y cOI1~idercd t>y Si~cns [I] and 

.. ~ ~ • I .. ' t . [2] r epOr" t e... v.,. ,j I er>c~:' .lnw •• J ;) I • [~uiltiD"S (1-7) "I'd (I-a) arc 
/. 

i~;>I=ented . .)!'.' :). Olscretc ~'alsh Transfor::> (0'.:1) in which the periodic 
, 

inpUt wavefor'", fIt). os sa'..,,,lcd .,ncl ~i(Titizcd. thus aH'O'oling 'th~ Va'lsh 

co~fficien;s t;' be' dctermin~d 'CO«lplct~IY In 'the digital .rcalm. \'~,en 
f(t) is periodically ~..,;;lcd to prOVi~c Q,h' the 1i9itiZCd 'v,\luc of the 

~m;>led>naI1 VO!~il~e: cqu.ltions11-71 an<! ·O-8}.bCl:omc the ~.', 
• '. I .••. ~ 
Instrument cQ:.:attons: '_~.'. \ '. .!' 

• 
i, 

., 

( 

, 

0·· ~ 

-. 

.' . 



3 

(1- 9) 

• 

, 
.. 'l!. the til"".e 'tlf' c~ch ~c,~; .. ·,](~: i)rc II fl!n::.tion of s, the scq'Jcncy 'order:-

~r;c :). ~he ~ •. '.11!:oh cyc.le in~(:rval. 

t i::1io9 ir,dicu:cc in thr: j'nstrur.en:. c60ation~ via di~it.Jl 
• -," -~ 

, ' 

ba.nc!-lir.its. ~a~?_t"~s. ".)nd c!.i~itizes thciin;:ut w.1vcforr.t, ]).;\ Dual 

, ( 

wh'icn executes' the instr","ent c~lcul"tions. 
.. .. 'OJ __ 

~nd 

[xtcnsi'Yc u';'" of Iledilr.\ "$c"le,lntcor"tion (~SI) multi-function 
~ , 

int"9~"tedcircuits reC;'Ji,res only 70 intcc;rat,ed"circuits to perform 

,these olnalyzer functions.excopting only ':the ~""I09ue ~nd conversion 

,CX>dules ,used, in the, Input. S~",pl ingSystcm. The analyzer system 

o;>erlltes Qver 'I. dee3de r""ges of inp'~t .signal' fundament,,1 frequency,. 

the, highest range being 5.0 liz - SO Hz. 'The I"" frequ~nc:y n",it is 

'set at O~OOS liz. but ther,els 'rio theoretical lower I i""i~·t(): the 
.. -... .. , 
"n"lyzer~s oper.ation.\''hcn the input ;i9031 .to be analyzed :is known 

-.:. , 
tq !>c"b~;n;!-l in; te<ltO no more than 32 h.lt'l:lOr.ic~ 'of 'the fundaMent,,1 .. 

• 

'. 

"- --
. ! 

1 
J 

; 
• 

r. , 



;,' \ , , .... 

4 

frequency I i"it of the hiC)h~'?t r~ncjl: 
~; : 

.• " ,f 
.... , .. ' 
.' " . 

. 'Chill;'tcr 2 prc'Scn~s the.Time .Pcri~d Gencr.Jtor-Diviccr which 

- - .-----~ i • • " 

. c: h.,ider ,.....]~~ t.-~ ~.odcs .of opcr~lt.!-o:'(: the first r.,ooc cor,rc~srond~ to".'.thc 
I '.'. . " . . . \ 

fir~t cy~1<' of ~hc" an.:dOT . V!.)vefor::- in which .') ~~(:,J?'t'~ .. of pcri,~'~i' r\ 

.cycle'.du.rir., ,:hich th~ ~!ill~h'C:cdfick"t'c~kuL:tion5 arc "'<Ide, Mter /'i .. . 
" , 

the..:> rt of the ~CCOflC cycle, 'the gcner<ltor-d ivider produces <In 

" "terv<ll clod, pu.1se each T!6~ secones, Thes" pul~es ar" fed to the 

..... \.'~~,s~ Function .C;ener.ltor. 

The,c .• ener.<ltor-dividcr ootains its reference' periOd fro.," time 

, ~ . '.' 

.<lr#e di~cu~sc~ in t.:..-o arc<is:. pe:riod ,(T) rne.lsurc.;,ent <lnc interv.lI(T!f,ld 

9cno.:r.ltion. It isshOlm ·that the 9"ne:r;)ted ·intcrv.al clock pulses arc 

,)ccurOlte to .,ithin O.I,~ for all analyzed w<lve:f'orm fund<l",ental input. 
-. 

n:e:c;.uencies. This acc~racy is .lc~ieved with a'gener.ltor-divider 

design requiri.ng ,only I~ integrated Circuit :~Sl r.>odules. 

• Chapter 3 conside:rs: the pro"lf¥er.>s of sl)::>pl ing,and di'9itizing 

a per ·i olli c NiJveforc qf unknown bOlndwidth. Two approaches ar-e d i scussc:d: 
,.;' ~ . -

the: use of lIvariable: Sol"'P ling rate which OIl lows the SolOC number of 

. s;)r.;ples to' be lI'..1d!; for .~ wavefo ..... of, period T ,'and a fixc,d sampl ing', 
- ~.i. 

rate which requires tMt' thc:'lJ.llsh coc:fficie~ts be c~lcul.lted for any 
- . . \. 

".-:, 

number' of 's.,moles •. The: f'i nil IIt~n for. the ,Inpyt' ,Samp ling SystO!lll' . ~-

feOlturesopera'tion over four deCade: range:; wrth a fixed sampling rate 

for each ranqe. This 'allows a fow-pass filter with a fixed, cutoff 

, , 

.. 

; 

! 
: 
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\ 
• 5\ 

lhe numbr_r 

is 41 0 

rr.o~ulc is· r\:Quircd, 

·.:,o·circ.u:=1 .... cr.t .... ol':..lqc r.1:'c-cf-ch..1nqc Hr':'litations he- A/.D co~w~'tc,rts 
• 

~ ~ . 
T.he DU.:,l ,\ri~~';.;·:~{;tic ~r.occ~~or is p~cscntcd rn .t:h .. 1Ptcr-f.. .. -This", 

. :-'.Uh~ySlC·7! ~c..rf6rr:~."'thc c.Jlc.uii)tion.s .di.~t<ltcd by the iri~tru'l':"Icn: cquati'ons 

c;,)1 c;ocffJc:icnts i=cdi.>tely .>t the, e'1.J of 

T"-<:l ""'in el,=ents'of the processor. are, 

and .the coefficient output ac.cuil~~la~or. 

cOmbines the functiO:lS of siqnc,d 
o 

.lCCUr.iu·j\~t.'on .l~O v.lriilbl __ "'ncw.!ulus counting" to provide- divi;;,i9" by H,,: 

the n-'",l.cr of sa",,,I,,s ro<!e curin9th,,'c:<lleulil!e cyc:le.The terr.: H' 

,is r:>.lde 03vai l03ble. at the end of the time period r.le03SUrerncnt eyel.e ,by 

a S;>«'i,031 counter "bieh is cl?eked by the s=:lllng rate signal; The 

\ 
\ 
,\ 
.. \ 

\ 

:1 
1 ., 
'1 

,coefficient ,ou'tput OIcc;u:::ulators. fc.ltu're· a 3-place fr03ctional BCD' " , 

forr::a~. the: ~e for~t' of th~ A/.O"ci:>llver'tcr out'PUt;. thus s.impl ifying 

~ nor=l ization of the output coeff,icient with respect to the anOllyzer 

input vol titgO: • 

.. Chapter ,S cO".tains the .1:.111>h Fu'>ction Cenerator.The.design , . 
is bASed, on the =n'pulittion of T-type f\ ip-flop'toggle logic .funcfions 

to achieve sequency progracl'l.1ui lity of the dual orthogoOOlI \/a,lsh 'outputs. 
i ~ 

The derived toggle l~ic (u';ctions itte, eCQnomi'i:ally l1:lplemented by a '0 

Binary ROIte Kultiptier. intesr .. t,ed ~ir,eult. The resulting gener.llOT 

provi<!es,Ot"th09onal Vitlsh pairs to ;j sequency of 63. it synchronizing 

, , 

" 



f , 
i , 

O'.J:put • .)n cnu·.vf"cy,;le in.!i,C.)tor, JnJ rC~luirc~ only 7 intcqr'f.lcd" 
~ ··>1' ., 

. circuits. An.~~l~i.ti~~al f~alurc' is v~ry low ~rthoqon~lIti~fror of 
.'" .. 

a fcw·tcn~.of~cor.u·~. due only to Jiffcrcnccs in 5vli't·chingti .. ;c's 

between synC!lrc.no,,~ly c.loc'.ed fl ip-flo~~. i ". 
! --,' 

" 
i:"":r,l~:\.~ntoltion. Since ,tt~l' ~!.:llsh, .)n.Jly~~cr <.fcscribcd \n this thesis 

rcqu ires ..... a 1 5h '.pu i1f$ to .). ~cqu~:nci' of on 1 y 31. 'c) r.l(;lh~ f.,\ rcdu.: i n9 

the ,.('quency·c~p..)cityof the generator isprc~ent.eJ. Also, ~ddition~1 

- . 
ein;Jf'y R~'tc :-',ultipl icr~.·n.:1Y be C.cl=:'Ci"dcd ,to ,CY.:hlnd- thc;: ~~ncrator'$ 

·possible. E3rd";lre iM;> l.,,-;en tat ion "~lternatiyes arc Schottky-Clao:;>l:d 

o 

to in.c(c~:;.c the gen~:".Jt"r' clockin~ freQucn,=~ from the 10 mC9ilrH~ft.z 
. j - • 

re,:ion to "bove 50 =9ahe~tz whi Ie reducing ortho,on.iH·ty to·a few " 

nar.o~e¢ond~. and Low Pow~r CilOS to :>ro'lide. a flexible \lalsh Funct:iOIl 

Cen-..ra!or wi th 'c)(t~c:nely to"fl power rcqui r.er.'lcnt,s .. 

Chap:er 6 consider; the '.Ialsh an.ll,2'zer a~ an operating systl"" 

and d<;t;l i I s the func t ion of each of the subsyste::ls-. Add i tiona I 

economy in. ir.ipl=en~·i1tion .is ;lchieved by cor.:!>inir.g thede~~de-ran9in9 

cO"~nt ing c. i"rcu it,. into one subsyster.> ·.,hi eh proy iJes ·both systemc1<><7k 

and sl'>pl.ng r<lte :si9n.,1 for" the entire an.1lyzer: COmplete analyzer . 

........,··operatlng control requires only two r.>Ode contrc>ls and five reset , . 
cor:>trols. Decade range selecc"ion mu~t be provi.ded.to the clock 

(; 

c.ircuits .. ad to the Input s..~",pl ing SystCM and sequency pr09r<ltmling .. "". 

to the,\J;iI~h Function Gener<ltor. 

Cha;>ter 7. t!lc c""cluO;ion. su.~riz~ the =10;- ·fcature,..,nd 

• 

,. -- \,. 

i , 
I 

":. 

.; 
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, 
'" 

speclflc.tlons of_the Dlgl,tal W.lsh SPectral Analyzer. AI!>o indicated 

are dlrac'tlons along which further Wal!>h analyzer developnlcnt might, 
,; 

::'·~rocMCI. Includlng:a possible 'yst_ reco"fI!lu~atlon, de~ndingon dlgltelly 
... : 

progr ..... ble analogue COIIIpoc;.nu which .. y bec:onIe' available,' Further 
, ' , 

l""eStlvatlon of low IIC*er hard •• ne'lmpl_ntatlon Is suggeHed: 

The Digital walshSpeetra( A~ly~er des'lgned and constructed in 

this thesis project has deonanstrated, il 'straightforward yet flexible ilpprqach 

tospeetral a~lysls. Efficient operation and eco~-of iMplementation, 
• . . . ~ . r . 

especially characterize the design advance!> presented, in' these areas: 

-, the ~Ish,cyele Interval or T/64 generator which uses both 

,eount,l~ and storage functions to ,achieve 0.1% tir.1ing,.Gc:utacy 

while using only 11 IJ'tegrated circuits, •• 

- the dual arltt.etlc processor which';,sh;'ultan.cousiy perfol'llls 

signed aeeuoiUla"lon ,and pro9r~ble division ,to eJimin<tte the 

"-'r-of-~I'es tena, H, In the Walsh output cq.,fflclents, and, 
" . . . ", . . ~. 

- tha ~1sh function generator ,which provides seq!'ency'progralml8ble ' 

, ,dual orthogonal W.lsh ~tputs~tr_I't 10wo~thogOnanty' , 
. '. -. '.. 

error while requirIng only 7 Integrated circuits. 

," . 

, 

, 

" 
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CH/Pj[R ~ 

" 

l ,;.tir'l" ,.,(,!,'i""..J. :.....j • .:.: .•• ': ......... ,,',.', ~.·,n. ·,· •.. ·,1 ( . , '11 ~l; leo ~~'l'" (; ~I j "_'-i!n~, .oJ:~ }rl qr~~l 'i 

.' . 
in~crv~l~ ~nd ~.wi:c~;~g ~~ch~~i-~~~ a~ U~~~ i~ thi~ 

,'" f.,~:'h,,~ .. ~ ,"\;-C ('~t~:"i :w·t~·_~ 1 ~'. .. C "r • "]' l).:.-... • .:.- ~;(;:-.V.?,!t{()I:~ ~~rov!oc tr:e OJ~l~Jo;, lor a deL;; I l.!C 
"I • • !':~ , . 

error ;"w~j~ysir·t':;! .. ldinq th'~ l;~·~idt~.~\. .... f ff'cqlJ4:::flCy r':ln.']e';. OVl'r .... ~jch :.hi'So' 

. r'<"t~;r:·(; r:- Jy be t,;S('(! .;!r~r!' th1...' r(·~.;J'.,·ct i'll..' . . . i
' . 

• j' 1 ". (. . H I;.:' Clr~UI:' Cr .• p'll~ur,dtlL.;l for the ~jcreriltcr-c!ivid,·r i~ prc~~~ntf!"d 
. ~, 

,Inc:! ti:-",in'] i!ccur.'"cie':. ·l~C· indi-c.-: .. tc::!. 

. ... 
HH~ h.j'\rc'.-;,,a:"(" .i~-~I(>,··jo;:ot.(}t ion 'of t~IC f-i .. "1al 9t.:"r.lcrator-cj-· .. ;-~('r c.rcsit]n 

~ 

c.xCc.vt iO'1 of t~c necc~sary C(AJr'1! ing o=-~",-ri)tions ·"fhi-c.h ..,rc r"erlci 1.,. 

. 
acco.-.-.ocoo-':c(f by the!.c coun:er~ •. whcn-!,I~e.d wi th"addi tion.:!) 11SI functions, 

olHord ol pac:",'?" .count rduc: ;0" of 36 :0 II over 'previous dc~i9n' (3) . 
• • 

''2.7 

Once the fun-:~."ent,,1 p"riod'of the .~;gn.ll to be anollyzed hol' been" 

d;tcrnined, ~it:hcr by detecting. in" 9.encr.)I , .an even nurabcr"of consecutive 

~e~"'nts of ",qual. 1"'n9t.~\ 

dUf'"clt. ion i/64 ~oCc.( ... \d~. r:-:uJt 

Further, thc~e 64s~llcr periods, eolch of 

b" located·· ... ·i thin t~ period T ~uch tholt .th". 

.8 / 

-~ . 

• 

,-

' . 

• 

. . 
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. , ...... "'\' 1""'''''' .) ..... v· .................... -:: ......... ~ .. ... ,; ..•.. ;;:1 __ 
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Fo~ :!le totc::1 'CO'>J;1t"C,r' of r.. .~·~~1iC;, the hignc~t n~t:er of counts· that can 

be re~r<",.entcd'.l:'" 'I( '2~-1.· '. \C'alculati',o"'Of thi$ ~crics. or ~i"';>I'( by 

r 

pcdscs 

up 'one count 

. K 
to be 7 -1 count~·. 

~ . 

" 

~t:lte .and ~r(" increr.lCritcd 

\ ----- '.. 
for-'t"llch' clock pulse procucr-d bt'twccn t'he l1~t.artn and "st.op" 

The .. 
.I ;. .. 

t.o!~gl~ i-r.;>u: to''''.)", fo·ll()1ofjn~r.sla~e is· dctcn~dned by the ~:..ate •. ~f .,th\PIC';' 

cccdir:rJ rri;: .. rlo:){~·) ~ in .:Jc.CQrd.':H1c·C with thC" binary code. The 'final digital 

.... 

. ,",' . ", 

wor<!,.J r~,inir.~ in the cc.un:-cr •• n ~irla:"')' forr.':;)t, rcprcscnt~s. what multiple 

o. . -. 
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, 
T i$ of {hoe r;loc;': period :rc J. In the "9cl1~'rc)1 case the rcliJtioo50hip is not 

ex"cr. ie, T i~ no: e£,'c!,I.,. ,equal to JTC) secone,: ,The 'error 'is 'due t'o' 
, . 

Vr ,lc.:"ic.ll '9~ti~~:"ct?n')ider~Jt~ons, and'the finite du(~tion of -r:.C)- These error 
-,. .' d ' ~ 

cOnt .. :~t"f~-:.'~nd ('jth<:r~"~arc investi'gdtcd in a fol1owi,ng secti.on. 

,", -.. --=~,,/. ',< "',' " 
2,2,/:{/ Gcn('r.lt;no :h,· r/:£,'. S""",,,,;t', 

I i __ :";: I 

t ~if'lC;'~' < the 'bi r..Jr;-'~'~rd." j. r~.1in.ing~n 'the c~un,ter Lafter the up 

.. 

,. COU'l! o;>er.,:ion effecriv'l,I'r record~' I<hcKe or integer ~loC;k' ~ulse!>; the 
J , ..? 

" 
radix pain! of !"is wore,;'; located juS! to the 'ri!:"t of i.hc"lsb. A radix,' 

to.<"rd the "'ISb yield; a digital, wo'rd ?'fresenti'ng 

JIG!' thus aCC]\t;>IiShing a binary division by.lOOOOOO. Thts. J/64 word 

'~'<:;>r('s."nt~ the ,i;'ill count'st.)te ~"a second co.unting operation whose 

AU-~'IO- I~ .. n'" tc tf' ,. • -.,'u" ,,' . ,:::' •• / T .. : .' •• ,-) "~ .. ~, .... . • ..... ", <-:J_~.::'.."'":'" I Ie uC'~ I 'Cu ... L 6111'';:: ... c~, ....... -... , •••• - ; - _ ...... :\: ......... "'1' 

point s~ift of & places 

" uSir::g the sa~ "clo.ck pulses df'peri6d Tel seconcs to increment a se",ondary 
~ . 

cOunter w!'ric,. .. wi 11 t~rminatc its count ,operation (J/G"}T 1 seconds after 
," . ., . C . 

" initi .. tion. 'This operation is subsequently repeated, producing a pulse 

each 'time ,he counter rt!ach~' tile JIG" state whi'ch.successi'lely "'.arks .) 

time pedOd app;'oxim.:Jt~ly equill to ·the ideal T/G4 increme'1.t. 
" .. \-~ 

, .. 
Again, the error contrlbutions introduced'here wi 11 be ex¥"ined 

in a following Section. 

J 
2~3 

j"', 
'~~ 

Error (C~~-i derat"i ens. 
" 

The oPeration of.the Time:Period Generator-Divider has thus far 
, , -. 

imp I icat i on' that T eli s, very . , 
much 

. ' 
,_. SCI.lller'than T. The following',section de~ines a limit for this relatiOn-, 

e, 

ship and also cohsii!erslhe i naccu rac i es ,,~ultin9 frOll1 the "free-running" 

.. J 
. ' 

j 

, ; 

, . 

, 

" . 
-.I 

I 
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sy~.'tc:~;"s c1ock. The next sc-c..ti..on dcal~. Sf)ccifical1y \-'lith the errors reJiHed 
, ,\" 

{ : ~ ." 
r. to T/64 incr(:~cnt ,~;,:ncr'lltion .. A general error cxprc55ion is dcriycd and. 

'. ~ 

t'l worst-Ci)SC figure ;.!'- c..Jlcul.:Jt~d and di~c\J~~cd. 

I 
~' 

2,3, 1 Er(6:,,!". R,:liltcd to Ovt:r;r11 ·Tit:'"j~ Pt"riod' ~c.,!;ure~cnt 

-,'To ~~'5CSS the. errors in this -lr'c.)', t·t is 5urficicnt~ to consider 

• 
. the , .... -·frce-run:"liog" nature of'th·_': ~lock ;m, .. d .the f<1tio of Tel to ·T, T being 

the func,:'-.cnt~1 "pc,iod of the Si9nal~i~9 ;i'nalY{ed, The fi rst error., 

occur~ becd:jsc. ,.here i~ no dctcrmif\iJbl-c rclc1't,ions~i p b'etwecn the:' ~rbi trary' 

':st~rt" of the t:':c, periOd,T and the clock' pulse cy-<:Ies, !-.lso, ther~ ~-~ 
-l' ;-

an equo)lly ~rbitr~ry"\JrclatiO<iship at th'c cnd of T. SinC,e"the pe~7 T, is 

bein9"r.t~asured in n1u1tiples:,of T 1 seconds,the greatest cr;ror'j!9Y..ible is 
c .. /' ... 

.... ,,",0 . c . 

-~ 

l 

T _, Therefore. th., cxpressio<l o'f the t:\c,)surC<"~,ent of T, i,s .,:t '1', second,s 

..nere J is' the n~~erof co;.onts 'r=ainir,g o;r' r t'he fi'rst up-count-' ,--_':' 

ooeraricn. These two boundary conditions t+\1 ~and -Tcl ) arc illustrated, 

,in Fi9urc 2-1. ItT th(, first case, period 
(, I' ' , 
't..»proaches 3T c I aflei, i n the' 

. , 

sec«>d c.ase. it approaches 5T I Se9men'ts in _ C len9~h of time. The case of 
"'-' - , \ 

coinci,din,9 even,ts at the start of period T ,i,s defined to be a no-count 

'condi t ion, Each unit count represents a full ,e'fcle of the clo'ck ;'aveform 

of durati on T 
cl' 

S i ncci, Ij counts, 

- . , 

are 'cont.:ii ned wi thi'" , the 

resul't.:l,nt J wi II be Identical, 
,~~ ~ 

~- • " 
rked byLO to HI clo<k transitions. 

for ,both ~s,es shown, the 

." counts, Thus, th is, exa ... p Ie 

dCoronstr"'te~ the "..)xi",..,. error of 1: ,T I' 'ron this i tcan be secn'that. 
, -<: 

th(: rat.i:o .of T ,I to T wi J J determine the measurement aechaey of the 

,'over.:lll 'period, T, Hence; the expression for maximum erro ... ;i'" pC;~c';'nt,.:Is , 
, -

it function of 'these variables is, (Telincl) X 100% or~('J!~,X 100%, Table 2-'1 

• 
• 

'~ 
.--', . 
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(. ERROR ' 
( II J } X I 00<: 

Z.oz,5 

; 8 i 192 

32.768 

131,072 

'524.283 

2,097.1 52 ' 

.... 8.388,.608 

.- \. 

. ' 

., 

To'Ible 2-1 Kilx. imurn 
It- S:aqe 

-

\. ... 

0.012: :"?; 

, 0.0031 • t 

0.00076 :< 

. o. 0001-9 ~-. 

0.000012~ 

• . ,~ . . 

/ 

Period 
Bin.uy Counter 

, 

,. 

. , COUIITER REQUI REO' , 
K ST/,G£S 

12 

III 

16 

,18" 
" 

20 

22 

24 
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w \" ',.. • 
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\ 

count"r' thereby I imi t i0 9,\hc 

twelft~ stage of a counter 
( 

i!J '~ct anc r.o ;'igh~·st~c·~ .)rc set. the crrOr"-cil'nnot exceed O:049t. , r.. 
. If 

t:cfa., :hc [\1,,1 ft.ha~,,. set, the, error wi II be' 

-­. 
,~ , 

dccrc;)scd. • • !;: 

" 

2.3·2 

The I'\ostsigni fic",nt contribution 'to ti.,.,ing 
" ",.. error, I n -the r 

con'sidCring the\, general ion of the, T/64 O~t~ut puJ5es isrc,';':ealed 1>1' 

/:'. " (,f(ecrive r.:>dix point: st.i ft,.operation. In the gene raJ case, the 
,'.' , . 

'bina:"y word .,hieh extends {rc,;,:'thc sh: fted radix po'int-~ocati.on to . . 

th'" l~b> of the prit:lary up c..ountcr Will nOt ,be aji zeroes-. &ui~·wolc.:· 

Ific·prescnt.!. the r""'.<linder when J is not.'evenly divisible by 64. For 
, 

ex=ple_ if 'the final counter state .. {tel" the up-count'phase was all .' . 
',16 ' ' 

zerg.,s wi th the except ion or the seventeenth bi,t" J wpuld be- .,2~" or., 

65,536' counts, which when divided by 64,yl~iCls 1024 with no remainde'r: 

Hence, th'e s I xty- fourth T /64 outP\Jtpu Ise wou Id occur 
.::.- ? ~ 

~ i,;,ul ta!'eous I y . 

, " ,"" 
'wi th the exp' rat i on of TsecQoCls durirf9 the secondary . ........_-_.. - .' '.~ 

c,ount i ng phase', 

,subject only,.to the err,?r of 'overall t;I1le period determhl"~i,()fI' In 

the c.ase where' a non~zero,wofd rCt:1ain~ in, the fi,rst_ five counter stages . 
~ 

~ftM" the up-count phase; t"iSWord represents the-number of counts 
~. ~' 

the,finat Tf(A OC:;tput pulse fat Is short of the actua'l,expi rat'on of, ' ., ~,- " ' ',' ' '. 
per.iQd l'.'Since all the'T/64 output" pulses produced by this genera'tor . . . .' . . . ." '" 
.' -. " • .1 • 

r:lust mark equal' Interva.ls fn.tii:le. it 'is seen'that the true timing 
• .,..' • • I • . 

" error relative to th'e ideal 10000tien 1n till1C!' of any T/64.output pulse . 

,-

.:-- . 

~"," .... 

, 

• I 



" 

. incrC'.::i':'~e~ with th~ nu::.bcr ,of the output pul,e generated .. tor example, 
I 

in th'l\ firH five stage, of ,thc 

17 

u~ CCU'llter ·rcpi~~.cnl~ 63 cocr:ts. Henc.e the' fin.,), or sixty~fourth, ~utput 

p"l~c would •• rriv .. 63T.c1 second, earlier than it should. Thh leads to an 

cXr"!"t* .. ~~~.rt.·.l:~,?r th.C' cr:.ro~ of the liJ~t output pul!.c as ~o~iti6nc:e in .time.of. 
, ~~~:.. . 

(63/J) X IG-G~:.Ti." j"'port.3n: v.:llues. c.:llcul.3ted'by ,this 'cxpression result 

frOi 'fin.)l c.O~.mt\cr. !.tcJtcs ':t!'.. i 11u~trc1fcd "in F.igu'rc 2-~·. Here on'ly one 
. " -.. " ... <' . 

bi t-~o~i t"io."l outs·ide the ~e~;;'in-dcr ..... ord .repr.c!'.'cnting a n't;mbcr cvcn'ly . ,", 

divisible' by 6~ ~s set. 
, ' \ 

,The rCCl.,inderword in the fi rst 6 stages corrcsponds 
, 

, . ' 
to the r.-.)x.iroun 63 cou"ts, , Table 2-2 sho.< .. ,th~, ehor figures calculat,e,d 

. ag.)i.r' ~s a r~ct ion of K. the numb'er of ,counter rta~es(. The··instance 

of as.,t condition ,in any flip-flop bet.,cen thesi'xth an'd the l~st still 
, ' 

~r<:pr.,~,en·t~ a ~u.1.ntity' of counts evenly divisrbl<.' by 64 and thus,d'ecreases 

the c'r,ror calcul~t';"; by .t~e exp!<ession, Any numb",,.. of counts in the, 

rer.l.,inder word ,Tocat'ion'sr.-.aller ~th.:1n 63 reduces the error by.a pTc;>,ortid"ate 

. , 'j • 

'" A IlIOre 'general .expressi,on, eri~,lcs t.he calculation of the T/64 , 
-", "." 

outpu't' pulse titring 'error: 'for iln:!.. T/64 pulse. " This expression requi res 

'a'nadditionalvadab'I~: n repr~sen~ the n""'b~r'orthe output pul~'e:of 
interest. The error in percent equals n[6.ltX (R/J) X, TOO~, .. here ri is the -pulse nu:T1ber (frer.> 1 "to 64) • ..tnd R i~ the-remainder count {'from 0 to 63)." 

" • _ •• , • 0'" • '. • ...... '._-"--

,'. 

, . 

) 

,. 

11!e ~tribution-to t,iming ~cror assoc.{ilted"with the.overa~,I. t~m,e ,periOd ~' 

) c>ea..ur"",ent ilS ~i scussed- i n ~ct T on 2.). 1 i s\gnored in this equation 
. {'. . 

because its wor~t CClSe magnitude of (l/J): loot.is:.cOlll?arativ~ly insi.gni,ficant., ~ 
o 

- Figure 2-5. l.lustrates via two detai I di .. gram~ the ~ignificant . . . . . ~ . 
" 

oe;>artures from,th! ideal th"ing scheme shooitn previous Iy in Figure 2-1. 
, .. 

: 
. , 
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-"~' 

cowns . 
J 

2,01<8 .. 63 

8,192: 63 

32,768 + ,\>3 . , . 

I j I., 0]2 + (,3' ~ ;" 
~. ~ 

S2lt,2es .. 63 ".' ' 
>-' l 

o 

2. OS7 ,I 52 + 
,~ 

63..:,1" ; 

8.388,608 + 63 

• 
) 

.-

," 

. . 

\ 

-- .. -

,. 

) 

• 
counTER REQUI REP. 

K STAGES 

12 

-
14 

1'6 

18 , 

20 

22 

24 

'j' 
< 
t~" L' < "~ .$1'';: .. 

. ~ .' ·'1 

Tab~e 2-2 
, ' 

t'.aximum Generated In·terval (T/64). for 
. K S'<lqe Binary .Counter 

. ,~ 

;", . 

19 

.~ 

. 

.•. ,,-> 

\ 

, 

. ; 
l , 
, 



t 
~ - -
" I 

--~~~: --~--~-------
,-' 

I 
:.<::-'---.------ Period T Starts 
1 

I 

I \ 
I 

.-Dol 

I 

I 
I c:::~ 

\ .. 

Initial Timing Error - \n~ clock pul se 

20 

--. / 

counted 

for."'!\ctual ti"", elapsed ess th .. n T~l seconds 

a. Period S·ttlr-t .. 

_.,. _-,---_~\ ~i.....--O _ 

'. \: 
1 __ ~ .,. _ J'---'.' . I' ~~.<J , ., 

.. 

.. ', 

: 
-, 
, . 

, , 
~," . 

,Finll! of 6ltui ' 

,:,--:-'''~ , ___ II1_t_e_r_V_,lI_I_P_U_I_S_"_· ___ .;.. ·-l.~I..-""::O __ -' _________ ",,, __ -, _____ _ 
'~ ..• 

b; ,fer4od Stop 
. . 

• 
I .-co .,' 

. , . 
~ 'R-Clock-Pu!ses 

Final Timing Error. - Period 

isterminatedR c10ekpulses 

e.lrI,y, 

Figure 2-5 . Period '(T) lind Intcrv~l (T/6lt) Timina for the Practic~l Case .• 
:.( 

-.. 
~
'.".'.' 

". . . .. . 



) I 

The l'.1'O .'r:(~~s .con~.i<.!t-'"rcd oJrc- .1t ,(hC beginnir.(j of T. anJ nCiJr the cnd of 

T "here the' f,n,,1 T/64 puhe i" 'Pr',o:UC~d, ,',' \' 

" l 
N,.4 !'\i·c;,i(':~ ~1~H:! H.1rcL·/.)rcO Dc1';.lil~ . t 

, \ 
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, , 

\' The oreccd'n, seetio"', n."c derived g('ne,:al .criteria {or the 

~c:;~'O\:'1 or cOlin.;' S ,,;crat i 0'" n~ees"jry to aeht'vc ('he des ired time 

;><' rioe d"~ $ i'('Ii, and ~:l";t ~ i"e' s,!,n~rilti on: "ec",,:tany i n9 th is, per'form-

. \. - .- .~~ . 
anc-: cr!!.cr\~ h,iVC· tH"e-n prc.scnt .... ~ \-lhr-ch illu;~t'rutc the accuraci'es 'obtainable: . '. ' . 

for c.otJntC',"rs ,o(.Y')r'ioU'$·si.zcs ... Using these, relatiOnships, the pos,>!ble 

c.o~fi~;;.Jr~)tio.~5 Of.gc.~:1C'r..1tor d4,!si9n~ arc " .. q.·l e,!iscu$$cd. The fi'nal design 

~.,J:':e~.cx!f .. .n:ivc.u~C' of thc·r:lulti;:>'~fun·cti.on c..)pcl~jlit}'·of sur-rently 
" 

- . , 

i~ d=on,.:rated th'ur the error, figurE'~ previous Iy derived arc ach.ievab)e 

wi th $t~nc!.lt'd 7~-~cries TIL i.ntc:gr:lted' C,ircuits. 

\ 
Circ.ui: Con·£i(lur\a~ions. Error F'io'ure-s ";tnd Ranoc Limits 

. 
The coonting oper"tions " .. hi ch, need' 'to be ir:lp lemen'ted may te 

s~rizcd as (oHows:, a fOi rst or prir.iary phase in which an II? counter, 

having ia clocking i'l?ut .. gilted~ and off coinci~ing with' period "stilrt" 

and "stop" si-gnals, estab)ishes ,the ,:!urnber of counts J, ,and a secondary, 

pha!'.e in ,which a counter \'5 clocked' for a predetermined number of counts 

-approxirnately equal to JISt., thus -generating the time segment Ti6lt,. The 
, .. ' 

,de~ igne:np-l'oyec e1lrIier byS lemen's [ 3] met the:;erequi rements by means ()~ 

two separllte up co unter,s. I nthe, 'sedondarr ,phase" a ,counter was 'started 

,<It 'zero and /), cOM;larator c~'rcui r 'detected the arri..val of the counter a~ 

, < 

, 

, ,. 

: 
,- , 

1 
~ 



" 

22 

JiG:. ,C~ullt~. ,T~couMer "a~ ii-:"'"diately CIC.:lrCd~d the opcr.:lticn 

~ , ¢ 

n'Qc~tcd c1coth'''r 63,. 'time,; durin9 peri,ad T. Tt'1(~ c'ountcr cl"caring pulses 

-pro,.~idc'" th' T/(,~ gcncor;>tor outpU!. Howevc:-r, to supply a constant 

,-
: ... 1 inc 1 ~~r:: .. :n:. r) of. 

;j 
this 9cnc~ator d~,ign. ' An- ~ttcrnatc ap~roach is based 

en the f~,t that a coun:cr whi~~~can-bc prc~ct to a state equ,;valcnt ,to 
~. .J ~ 

J/6~ .:lnt! e;:r, , count du.,m to the z('ros~.1ti,wi 11'also ",ark oil tine _~"o/'''nt 
0' 

equal- to T/64 seccnds:. In this n',,), the ~.:><i.e "type of co:"nter "''''f -be _used 

f.or ,b::>:h pt:;.s.C's 'and the down-count o;>cr.o-tion. and it cl i':iin4les thr:. orcviously 

ncc.es So.) rv 
, ' eor.;>.!'r i s»n funer'i on. \.'hen the, dO\'m counter ·rcaches the a II 

--, 
zero !.tatc. ::h~ next c Iq'ck pulse prod uecs._ a b-crro.l pu Is'" f rcim the c.ounter .. 

TI'\'i,~ borrc-.I pu 1 '!~c. is used'·il'S th" T/b4 OU!;>ut pulse. AI~, -. I. the binary 

wOrd rep(e!.c:-nti,,~ J/64 can be stored exte~nal to the fir~·t counter, the 

~ counter can be u~ed ,in the do-.m count mOGe aeco<:t;>lishir>9 also the 

T/64 pul~" generation; ;It is,,,erely necessary to then return o'r [0 preset 

the counter to the 'J/~4 state and ~epeat the-do,q~-count operat)On. Figure 

2-6b i l1u~ti-.~tes this desi9n!~ch. - Her_e only one chain of coun.ters 
~ . \ . 

is e:nplo'(~-and the comparatoris'rcplaced by simple ,~torage latches. 'After 
, 

tt-ie-flrst six counter stages. the count r:oode "'ust be controlled and,.,~~is 

"is ac:. ... ieved "''-ia Sep.lrOlte clocking, inputs. .-
The actual n~ber of counter ,stages to be used in the generator 

is dete""in~ by two basic,'constraints: '_(;rIe is the- el"-ror figure as listed 

in Table '2-2 and theoth~s the maxi"",,,, ,flw:>ber of counts the,'CQunter 

is requi red ,to jlccept. Thes,e crit,eri.a_de-termine the .,ini",,,,, and ,r.aximul\I' 

number of stag~s; respectively. The first-six stages of the total counter 

" 

. , 
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~ . . . 
In the u;-~odc an~~lhc-rcforc ar~'~on$idcre~ 

. ' .... 
·".l".~~-I~.)~.C' 1,... furthe:' stilgc~ ilfcemployed 

tI 
;;:·.:nn ;1 te;:..)l of 22 f:j.~-flops.· 1\ ~ct condition in the ::~.:t:nt.y"sccond . ,tl.l, '. , 

fl,·.·.-.fl.,·, .... ' ,i~.,· u".··{.' ''''. t·t)· .. '-· ..... v .. r-·. 'n"," ,'nr,c·'·o· ',',c'h hoI" th ' '-' ... II,. ....... '.... u.... ~ ....... , ...... ""'!,. C naXIr.,u;:-,. . \. 

;\"c\.:~.:.:!~\lc.c{-.• :~\t ~t6 il ~~.lifte iD'W'hich -all! t~e o::h~r'·st.19CS arc set. This 

"'/0,21 '. . 
• {;-,tt~ re~r(,,<'I·:·t-c'. 'f- \ ... r c.t:tunts', or. 2,097, lSI co~nCs. lxt,.t-.hc· other ,count 

c.q.«= .. ~,··, (-~":':--'" .)rc.' nr:o ... ·ic,;(:d :0 .o .. ~~urc .1 :;..in'i:-"t""\ COU,:"lt \oJhich re,,1chcs 'elt 

. ·~1~.:~~~ :;:1; !6:h f'lip-f"lu-'p.· This 'CGms'{'r-A"nt a~';..Urc<., a ~"c'xir'w: error in· 

T/(,4 OJ::r·~~ .. :~d!oc~"'ti~!~r.r: -o~ 0.20::., cJ~ li~;ed ~in Table 2-2. The 1:ogic 
, .. ~ 

,-' 

.. 

circ~i~ry rC'~uirec to i,s~ur_c fh'~t "this CC~St.fi1ir.t -is s.)tisficd \'Ii) 1 give 

;nc; c,):_ioc. if '-'Con", of ti,,,, fllp-flo;>< fro'" the 1,6~h to, the 20th'; .inc.lus ive, 
~. c:: •. 

. :Ht: s.~t~'at: the tf!~i.)in.l!..,icn ... cf lr\C pri~,.)r)' u;>-c~olJn:. phase. , . , 

,. 
for thC--:.syst~'" c.loc~ b..i~c period. ,·Th-js vcJluc of Tel, ··i~ .100 n,J.nosc~onds, 

..inich rorre':.pOC'.d-.. to il clock freque';cy: of ic I'(hz_ The error-I imited .' 

Hence" the b.."tlr.dari es on T at'e 3.2831 :r.>sec and:'. 2095.151 seconds,: -rfiis 

cor res pc,-"js ---';0 an, a;)p:o~i;'at:~CY ran!l" '()f 5 to 300 Hz, wi tha 

=xi"""", lim;.ng error..lr;> Ti64' ~rs:-;;ner~ticin of o.n. 
• ~I . 

The same t.iming . " ~ , ... 
acCu;rolCY C<ln be ",.,;'ntainerl over a lO'ler frcquen~ range s1mply by 
" •• ~ ! • ' .' 

r"due,",] :.thi:·clocJ<· f~cque'ncy .• For,eX.T-II'l c ·, al Mhz cleek. would allow' - . 

'. 

c!iv.ider-;erierato ... ·operation in the-o-.S to 3.Q Ho!. r~nge, It rs 'de~irable to' 
1 ~ .. . .... • 

, 

, , 

-. 

: .. 

c;>et'ate 'the d!~lder-'Je~erat~r h-e'arthe J.Ower e"'tr,eme of!Ji:Y ;i~en f.requen~ 
o 

r~:'Ige; thls· rc~ult$ in Cl greater number or counts .Stored ... 1nd ;j l,c:wcr timing . -~-

. ""!o.' " 
, . ., -, 

-: 

• 
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of th~('" L~'~~('~ prriod·~;(·n{':r~)·tof-d·~lJidcr l~ j)r(~v'id~d by the SU74193-, ,J.lt~-b.it 
• • . l' ~ '. ~. . 

~.i ~,~, r'j' ":"~';\ ~ 11t"c~·.~~hr, .. P r~'.Jc t t'D~ll (~ '"o·u.~!~i;7j l h up- and dUrin": count', i npu t.~.. ,The·'. 

;,.' - " 

2+; I i.u~ .. t~:'~~' th(O c().~!::>J.c:.c .wi dOng dl.)9ra~ "for' the' 9cncr,ator~.di'({.idcr ... ,'-----... , " , 

'Th,~ ncc!:~".O:H"~ ~ tor.:lgt"" (r,}{"r, .. ~t i'on i ~ prpvi:.clcd by i ntc, gr.a:("cd·'·c'i-tcui t 
, . . -------- . . 

.. • I " _: • 

I:, t;" .. ;"'_I.V~'t;~ '!\,; .... _~"'~~, 

" 
th~.:· ·t,;;!"tan'~·"~4 frC)::'l Hfol ;~'. ¢ata'l ·(0 "~torc. d.l::~'Q: .is, cl s'!iP\...:;..-MJ.-!o.,·LO level 

. , 
:r;,J!"!-;i t i O!\ ,."l!. i t~ "c toek. 

'-../ " 

. . .~. • 0 _ 

The' (.j r>t,'6 bi nary courit..,rstages arc, 

It provides. 

, ' 

l!et-"~"i) "in "t.h~ cha;:.'tc-r:" ()'.OT' \.'.115" function 9~cra.ti,on." t"t' is "~pl~ye~"herc, 
? , ' "j \ ". 

·h"""""r. bec.,u>c':it p'ro~id~'; t.hc diVid'C-by.-64 ("fictioo"c;""ple.te i;/'oii~ .. ~ , " " "." '" .:.~ , 

~~" ;>ac;ka9c of S117!i'02 ;>ositive 1~~;CIl'oR.go1l~ provides 'an the 
b I "". ... " 

." 
"clo<:l<. .~nd control, Siitinq nec.,.-.sary,", Two 'of tile gates are, used as in,vcl"ters; 

on~. im,cr,l.s·, the cont 1"01 s~n,~~ whi chroutes,. the c.)ockpu he ei ther through 

.lhe':di::'''di~b)"';~~ C\odu,le or di'reet' t.o the ~r09r_ab'!e coun"ter stages. the 
, . 

other "",;ntai"s the lO_to IU .transirion as the active cl.OCking edge i'n the 

down cOOn t .>Ode • 
. ' ,. 
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'. 
O,,·c r - r .V't9C: ir:dic..niir ... "'l that the c.lock i~ too' fai.t . .l~d/or T ~io;. too 

, 

It' is. convl .. nh.~nt th.,t ."It the terMination of the up(ou~t 

B ..,..1 5 
ItS L 

phase. 

tt~~ d;-::itol ~,,·ord· rcprcS,cnting J/6!. cO\,Jnt~ versions in. the propc-r CO;Jntcr 
A < 

~·L.).S(~.~' 'Then, When the ~own-cou'nt ph;tse proc.c\!cls; the counter reaches 

.:ore. Hen~c, .. the expir"tionof the firs't T/6~ sC9'"ent corrcspon~s "tith the 

• 

2·S 

The Ti~ Period Generator-Divider design as derived here 
. ~- . 

on.Jy 11 intesr;.t~ cFrcui t ll1Cidule~'for its imp let:ICntation. Thi s 

:...:: .. 

by "'-'~ ing e"tens i ve' use of ,.the Clul t i-function capaci tyof the H'S 1 'types ch~en. 

~r a given system, clock, frequency ,of 10"Khz the'ge'!erator-oivider accepts 

input time periods in: the range ofS Hz -to 300 Itz and, p:oC:uces T/611 output 
. '.' ... -... 

pulses with a maxi",,,,,, timing error of 0.2t., 
.~ 

"When u$cd in the \.!,.l.lsh """lyzer syster.l; the gCnerOltor~divider is' 

- r~quired to o;)erOite nor .... 1Jy o,;;;>r thedeuderanl;e of'S:Hz to ,SO Hz,;,ith 

a 10 Khz system clock. The actu.lltiIDjng OIcc,ur.;JCY specifIcation there-

',forc'becomes 0.03>1: at 50 Hz'and 0.0033% OIt S Hz. The.o;>tional·upper limit 

." 
fOt" fundamental frequ<;:ncy of ISO Hz 9 .ves·. the r:'I,)xlmul!! 'error of 0.·0994. 

" 

• 

\ 

0"-. 
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CH/,PT(R',3 
---+.- ,-

./ , 
3 .. ~· In(,odl;C~~0!",. 

n.)y be cO:"lverteu to ·touriP.'r cocff-icicnts 0' It 
4, '.:' -;.. r 

h.,)~· been ~ ho.·a, -hy ;: i t!~.cns. and Kit,J i [5 r th.lt .i f the input signa I 

b..1od-lir,i:ccJ; ~ V.,\sh A..,aly:rcr :i.,,), be used to prccisc:l.y c\,,Jluiltc the 

si9nal'~ F{)IJ~i<:r coefficient-so The cons~r~_i~ i~_t·h.)t r, ,the· hiShcSl 

no~;."l;zed frequency co~onc;,t of,the band-limited sign .. I, r:lI<St be'less 
" 

tha~ or cqu~1 to S. the highC'~t nom~lized scqucncy cOr.l;",oncnt of t*'" 
, \ 

The "i1nil lyZ'cr produces tho: signal's .... alsh coeff,icients by it':p,lc-' 
1:':, ' ,,-, 

Tr"n~forrnl via digital circuitry. 'The 
.: .\ 

\,,»u: s'g"al is red :0 the analy-,zer thrO'Ugh il converter ;'hich pe;r~-
, 

/ic;)Uy i"m;>le .. and di!)itizes the analogue v(lltage. The limitations pl,aced 

" 

, / 

on the Oln;)lyzer opcriltion by the Sam;>ling pro~_ss are di,scussed ,in two -, 
;)reas: Claxi"' ..... input sigt:a,lfrequency as related to'\tampling frequency" 

.'. .' U 

and "",xi".."" s isna I ' vol t age rate-of -change as "re I ated to the convers i on 
, , / 

time. ~difitional consideration's impO~ed b; the input low-pass fi Iters 
• , 

~ich are, requi rc~hcn 'performi ng 'analYiis ofu~nown si goals, are 
, " 

preSented. The iristr....c:nt calcui.ltions necessary to produce the 1oI<llsh . . .. 

:'coeffic.ie,nt,s (roo thc;..,digi tized \:wnples are als'o cltscusst!d. 

" 29 
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!. " 
3·2 _II n9 Rates for UnknOW'l S I 9"a I s 

. - The' spec: I flc: ara. of.I':'terest In the frequencydanaln begins 

wl:th the ,de~""'I~ ~und~tal frequency. I. of' ~e hnput signal and 

30 

Inc:hldes frequency "4j:Onentlwhlch are .. Itlples of this. Any frequency -

~t below' the 'fund_tal wlll ~ waraged Out and Uken'as the 
. ?-~. ' 

'zero order or "de" .teni. Ao. The Walsh Spec:traIAnalyzerproduc:es the 

W.1~h ~flc:lentl A./and 8 up'to and Inc:ludlnq a seQuency' order·' 

of ~1 .. Therefo~. t~ ..;pl:tude'q~tl~ed 'l,nputwaveforA~les .. us~ 
. ,~ 

, contain'. Info .... tlon rel~.nt to .... Input bandwidth of no iess than 32f. 
,~ I _ . • 

where .f - lIT. 'tel'be c:onslst..,t with the Sallpllng Theorem, [6]" at least 

6lI sa-ples will need. to be taken'.durlng T. If only 64s ... ;>I,e5 are taken. 

the Inp~t Slgnal';'I:1L/Mied to be band~li.lted to 3*-to ~I,""'inate ~slble 

,., aliasing effets. ; It Is pe ... ISSlbl". howeVer. t~haVfl a sampling rate, 
. . , 

""'let. ",111 yl~ld ~rethan ~. SallPl'es dUl'lng'T and. given proper f'r~uency 
, ~ , 

·band-U.ltlng. theSe sa-.ples ",Ill ~ valid. Thus there ar.~ two'op.tions 
... ;; .. " 

for the analyzer s..pllng· Syst. deslgnandt~are described inAthe 
V 

• follOW~ s«tJons. 
-. 

'. -'~ , , 
-~, 

.. ... ; , 
. :' 

. s~les. Thls·..-....s that onc:e'T Is dete ... lned. sa-ples are taken only .-
. " :. - . , ... : . .,,: " ..... . 

eva;", T/6ft s_lds~"'1;iI period T. thus satisfying the 2(10 s~l jng rate . " .' .. . .. - . , 

r.q.,l ...... t ..... r. f~l.s the _I ... frequenc;y .CCIIponent "or the input 
'. r . \ '. . -:", .' 

, . 'signal : . Ff»rthls ..... lyzer •. 
'0 .. ' ( ) 
• . ,J f. ~ ]If. 3.-1 -,; 

, 

, 
.. ... . --:' 

-

~ . 

, 

, 

l 
l 
" 



. , 

, -. -

• 

nu~'fo .)'~~urc..'" the validity of the ~"l.o;\'"\lin~_. r.1tc, 64f, ',t '" nAch"~-"'ry ,.. .~ .......... "u 

'3l 

. 
t(;, .f~_~<.."d lh·(.~ fYl.JtOqtH~·ir.?u~ throu~lh .) l(hJ-pu~~ filter ... '~ich will elirninoltc 

1 • "i 

rt;r:her, l!.'~ fil,ter r.'us't be 

~a:';',fy th\'~ 12f b.Jnc .... icth liMit r("C1uircm~nt for .:111 
" ',',~, , . 

adjuHal,)e to 

L'lThus,bOlh the 

J" ... )"·:~lj[!S 'f'~:~f,,;. ,.)r.'c! ~~,e lC";).o/-pilss fi Iter cu:off frcqu~nc'" c.::tn be c~tabn"~h~d 
-" ..', \. ' .. .. 
(,,~1'" ,:,ft::,. ~h:= in;::u:: ~i~n~l fund.1r;')'kt.Jl frequency has"been ',dctermi,ncd.' 

~ 

I: i~ ~!l~c S.i!'lflific~nt th~t lO"~-PJSS fi.ltcr~~ "lith desi~.::blc-.·p.)ssb~-tnd '~ 

. ..... ' r.,;.' '~. 
.~;1'J-.... 1t lCn\h1t'j 0']. c.ha:'"u-4tt,:ri st j'e:. 

", : / ' 

are not ea~i Iy realized in '" tunable . ' 
ccnfi~ur:ltio:1. 

, ' 's th~t the s~rne nymber 

P.ccall ing 'the 

c.."--J' r,J·,-""".t • ."r:"";"~l c.it""l~l;fjr~ri~n will r-1".-;.i·,l!. 

" 

, 
A .. , 

s (0 .... )' cal (~'O)h 

. .:, it 
B • v I IQh ! SCN (Qh j ,~a I ~s ,G).,- '(1-10) 

s '~h-l· .. 

• 

• 

pH 
;,...-" ~ 

f. conHant H term wi'.th '! val~cof 6ltsu9gest~ that thc·division ope:ra~ion 
0, 

c,ould be p,,'rfonnecl by a radix point sol'ft in a pro~rly organized binary 
,! <)0.. ..... 

... ~c""'Uj< ... ~or:, :But this aOvan(agc has to be weighed against the problem 

of providiQ!! ~'adju~t~ble IOw~pas~ fi Iter,' An added[problem is the, 
" . ,~- -

positio'n.:j,g of the one sample within the T/64 segment,a !>,OSItion wh,ic:h 

, 
should be .,.lintalned ~hrOU<:Jh.out all ~he succc('ding se9~nts Of. T. 

'''' 
, , 

• 

" 

f . 

J 
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',3.2.2 " , 

The illtcrn .. 1t~ il~prOilch Js to cst.Jbl i~.h 0, fixed sit~rlin9 r.ltc . , • 
anc .1 fi}'.c,d l"",·~-p .. )~*> f i 1 ter wht ch cyniui to) ~hc 'pro,per cutofJ frequ..:ncy 

:~ 

.J:ld .. ~t.t'C'nU.)tion char..l.ctcri~tic~. 
-, 

- I, 
t.:)~(·n C;Jf':Olj T .:i II ch.:ln9l" IV ... T chilng\~!) fro:':'l ,,~J;'Ierorm. to wuvcforrn'"'t All 

the· ~...::-;:?{c~ l~;';'t:n ,,·;i'll"!»ti'11 !;c val id du-~: to pro~(:r prcfi ltcri~g and 

the H term ! 
,,
' }>' .:/ ' 

I n <ldd i t i 0. ... 

. t'ct t~~c . .1c:h·iso~ •. lity of, a .fi.x!.!d fi lt~r .• ;-cOnst'1ntqa~';:>lin9 filte hc:ts the 
.. "/ . .) 

<ldv,). ... : "7" thil: th~';' t i ~i n9 ci rcu it ry .,hich, con t ro I s the AID con,vcrte r can 

be o;.:i .. 'nizcd for s'::abi li'ty _i'n it:s repcti tibn rat-c .. Th"is is c,t;. p"ccia.l1y· 

~!':'t?Cr::":ITC if ~ac:;.Ii(:-hO'lC:! ,i rc.ui ts' need to be used. 

T~c' ;>rilC: i c-a I i m;> 1 c:;:-cnt<l: i on of th" .i nput 1 ~"'-PilSS filter wi'll 

ch.l r .. lct c r is t fc. 
" 

not C'y .. 5-:ibit the iceill of. in fi"n i te Ltttcnu.)t ion. zbovc t'he 
'. ~ 

c."toff fre::;.;enc,', Fi9ure3-ri-'"I~str~tes the'",ffect the non-ide<ll filter' 

ch~r';cteri'stic .. ·hil;"'-e'on_'thc relatiooship between the in;>ut signil! frequency 

~~ents and,the sampling fre~ucncy_ In the id6al c.a~e, Figure 3-1<1, 

th¢cutoff frequcncy~ f c' of the low-pass fl-l-U:r ~ located at 32'f. 

Thi S assures that no frequency coro;>onents above 32fwi II be 1>il~sed, on to 

,the converter and ju:;tHies ';, S;r.Ipling frequency, fs' of 

fs • H .. -
,oc 

. 
, f -64f: --, 5 

"'c ': 

In the non-ideal' ca!.e tt',is_-n'ecess~ry to consider the fi Iter'S roll off , 

characteristics Inthe~~tcxt of th~ converter's dynamic range.[,The­

criterion' here is that any frequency ca:>poncnv ilt half the s,o:tpling 

, . 

t '",/ 

, 
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(..Itt:. f ... /~. ~·tl~.:.bC'·..ltt(·nu.)tc·d be 10.·, the sr.~dl1c$.t a;.~;>li{udc!·whic.h ·c .. ~n 
, I .. 

!\t..~ re~olvcd :;;' ~hc c.onverter. For cx.:t.. .. nple • .:t' con'w'("rt.cr ... li th 60 db_ 

t~ j):-t:"O:'dl"~ by a 1(M"'~a~s fi Iter \ ... hosc ~~ittcnuat i.on ",,.j ~h rcspc·ct.- to the: 

;,,~~~!; .. 1nd i~ Lll lCi"t::.t 60.db at a frc·quer.cy of 5 "-il·chcrt~.~ -The filter's 

!~ i~ ~~.su,;-·.:d th,j~ ,::,he fi Iter's cl,;:off frcqlJc~c.y coinc.ic!es with 32f t the 

.' 
The regio., in the 

f.r<"<;.cnc), do"ai" between fc and f", thus est.lbli~)1"s the necessary fi Iter 

~ ... ;,,<! b,,,,,!, (, pract i cal es~t i or' of the guard band' ",~y Jje made· by· 

r(:f('rring :'0 Fj;urc 3-2. whic.h ~~ir:s the lo~-pa'ss c.hilr.lC':.eristi·c.s of 

• 

~~" B{"~s"l ,-roc! cuttcr.·;or:h ,filter ·"..odules·avaiL:>ble.fromO"lel··Systc-",s Inc., 

t"." .... ";-:v'\ Jo4,"I-<;c;.:v ..... <. .... ttc:. T.h'" filff'or' pxhi.hi.ting the best';)ttcnulltion char.ac.tcr~· 
\ 

'~t;~·i~ the 6-;:>ole Suttcr,,;o;tt'l: ·60 db ilttenuatioh occur:> at 3 times· the.: ~. 
~': .... - . ." '''~ .. ~. 

c ... :toff 'frequency .. This figure cc:-::;>a,.es favoril~ly to the dynamic.range\ J~':'.' 

o~ the AI':) converter used in the analyzer. The rnaxir.ar.; encoded oUtP~t:~; 

.3· S::O digit!> g,ving 0.999. The convertertherefqre resolves to .pj~t i·n 
'- -.. -

, 1000 ~-hich. yield~ a. d),n..",ic range of 60 ·-d~. .~-J~" 

•• 

Using this' .re1a:i·onship and again :J.ocating .fc at. 32f, fm is' now 

o 

.\-
00"::'1,ing fr.>. to get the siWlIpl ing frequency gives 

.fs - 192f. 

ThuS for an input signal of unknOWl1 hanoonlc content,. the' sampling 

frequency .rauH be 3Ppro){i""'te1y2~ times the ·signal's fundir.1ental 
~.- -

frc<;uency when using th~ assumed 6-pole low-pass fi·lter.~ . 
. . ;.: ~.--
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: If. 
For.:> 5.l",,,lin9 freGue'lcy of 10 ki loh<.:rtz th .. highest funcia""nt"l 

ir.,)~t frec;"cnc;- is 10 x, 103/200 • 50 Hertz.' H"",cvcr. thi~ fi iter gUilrd 

'bd:-:'~ is r.,-~ccss,)rY only Hith ~(n.,ut, !'isn.Jl~ ,o'f u:1k.n~n h.1rr.;onic con:cnt. 

hiJnr.,jnic~ preScnt~~f. the filter 
, \ 

th.:filter 9:.:>rd t.ilnd C.!11 be e!'ir.linated. ,giving "n f~ 6~f. 

't~c~in9 f.. c.onst.::.nt 
, " fund.::mcr.ta 1 

The pen~lty for ~ot 

.' 
the a,""! .:d"ifc r. I ~ 'r.!iiX i r.~~""n 

.~ . 
'''',cn<her''tin9th~}malyzer wIth .J 1o.<-p'aS5 fi Itcr. tbe fi Iter's 

?haSc Shift chCl'r.lc~crist1cs r."I~y~ in sca;)e· c~sc:-., dcr.1..)nd con~idc~ratio::l. 

Uh'ran [7J h.ls discussed the use of the OIlT in signal discri~.ltion'.lnd 

p-:>in" cut cert"i~ ;>ha~e scnsitivi,ty aspects of ,the '.Ia];h po.~er spectra. 

'k'.~cthc,. :cr',no: this kind of cffcc..t is significant can be determined only 
\' 

after conside~i~g c.lch step of the a..,alysis ;>rogr""'. frC:X:= . .In.llog,!c signal 
'~ . 

conditioni"g 'to the 1:I.lf,ipulation of the output coefficients. In ,""ny 

practical c<)ses. spectr.ll contenCis highest'ncar the f';nd~entaL Thus 
'[ 

.lny .possib'le effect due to.p}l,.Jse disturb.lnce at the higher,ha'rm(lt1ics 

b ••.. ~, 31, 32) snould be neg,ligible in the i1ctual rne.lsurement. 

, 
3.3 S;rrbl~d Data ;:.nd Instrumen't C~tcul.ltions 

The outPUt,-o.Lthe Signa'I~3~pii~9sft"';; is fed to 

Arithoetic Processor which produces thti ~'lbh coefficients • 'It J. 
" ' I'" - " , ' .-' , 

e.)ch_ ci>lcul"tion cycle. ,The processor consists of 5PeciilJ 

the OUill 

ilt the end of ' 

purpose 

.lccur.>Ul.ltors and the; r m.JXirnum cfunting cap.lcttY Is 'dictated by the ,speed 
o 0 

o 

' .. 

, 

" ' 

,~ 
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,- JI~'" 

c: 

,., ~ I;'f' , 

ca~.:.-!;i Ii ty of the inpu~ . \ I' ~~:np log -;'f .... t~. 

,0-6) 

for" i.t··....-or~:.-c.)~.c input ~.i9r:.::;l i11usrr.)te; the n<:cc":.;ary ~.J.x.jn;u:i'I counting 
. 4 " 

, .. 11-'~-:.i:·,.. Thi~ conditio'n cxi~ts, ;·;bcn a con<ot.Jnt fut'l s.cti1c .('., ) -input 
. . '. m~x 

Co •••• • • 

,,:,i;':,,,.)l is .:J?:.>licd to the s~pling 5y:;,:cr.1 fer the cQ!:'IPlct<.··dur.):'ion ~f 

, 
,,~, owt;>l.!t of O.S33 ror each ·s!""p]e. In this discl.!ssion the decimal paint .... 
".;:,y oe neglected nr.d the 999 counts 'lr·e'rou'lct'd to 1000. The t.cm 51,,,;:"'(0 )'. 

h '-a,!d,. r,,;"ains un.ch:lngcd du.ring the period-: The accu,",u­
:}-:" ~ .. .,,- ,~-~~: . 

C')?.JJl~·~'·to 
, . 8 

stnre 1000 Coun ts ,for each SilO';> Ie. ~; 

". 

proeuc.t of ,the, ~amplin!i .freauency and T,.· 

H-f xT 
5. ' 

0-]) 

Sjn~e 50 Hen" ,is, ,theu;:>per, 'fu~ental freque'ncy 1 imit for-unkno-m.,signals, 

'T ec;uah 20 ",i Iliseconds. At a 10 ,kilohertz 5'=p1in9 rate, 200 s~plesare 

la'.en. Hence, .storage. for a n.:r..b.er of 200,000 is necessary. ''this'signal 

e.><a"p Ie rc.pre""n: ~ the max im"", 'converter word output,. but the short-es t 

pc( i ad. The ana Iyze .. i.s r!=qui .. ed to operate ove .. 'the 4 decade .. anges of 
. ' / 

>!l Hz .. - 5'.0 Hz. 5.0 Hz ;. 0.5 Hz',. 0.5 Hz - .05 Hz and .05,tiz ~ .005 Hz;', 
, 

At the, low ~f .. equcnCy ext reme ~be _~cc,:""ul>lto.. wou.ld· h,lVc to sto .. e a number 
, 

To eliminate tl.4-1arge·variatIon in .. equi:ed acctnu-
--:-.. 

latorC<ij>.')o:ity, the inputsa:npUng s,ysl.!".'" is a ...... nged fo .. "d'7cade range. 

switd..,ing of it~·: important pa"ClIIleters.. Vor "n input signal. fundamental 

" 

'. 

'.' 

'\). " 

• 

......... ;; 

~ 



f 
1 

'" 

" .'. 

'. 
f'I:,;~:t~r~.:,:" ir. t!it' r~n9t"· ;Jf ·5,.0 Hz - 0:5 Hz, the ~(rl:p1'in~ rotc i~ reducc'o 

b., .:!. :,):::'0:'" 6 f Ie vicl coL.:nt.ing ~.ircuit~' c.md oJ d-iffc;cnt',lo .. ,-?.:i.ss "{'i--Iter 

I:. : .. ,:; tC~ll·J. ir. ;;r:cc~dir.9 t!,:c /,/0 co:-,\'(·rt.cr. In 'thi!,..,WilY ~hc H' term i's!-"~" 

',','.-.. ,' ........... 'r . CC '.-.... - ,,-, J '~l' .. ·t:r:.cr' .... a:-H]c. (200 - 2,00::) ""u the di fficulty· in impl<;c 
'. 

f·.:·.~ir:J v~·· ir>fir,j tc::y'" ~~ul~.)~le, lO:.,-;>~!>~' 1i It.cr: is ~voidco. "There is also" 

.. ~.l····n· -."t; 1. 0 ................ C:':J ) .. 

• ~ .. ,;.-.. ', ... to, ~ - .... 0(- ~Ir·r. rr .... .., .... "rr' f'· d" Of ................. ,.'.~ .... ,J.; ..... ' ....... 1.1 -'''';'''''v ... , I .. ,;.t,e In :,,~ po:.;i t,ion .)t 

, . .J 

. /, . 
In th is CiA'':.c the lCtt¥-pass fj 1 :cr i 5 not 

o 

• 
lic~ in th" (O,,!.,;.c of'6~ tb 61;0 .. 

F'i,s:ur('" 3-; !.t":C';'·s,'-:_ d1.il£~~_cf the rq):'\Sc s·.· .. ttC;hiog. circuit'ry; 
~ 

, ."," ' . 
..,.::;1;'(:' l.~/-~'.)~S fi 1 tcr ·oot~ ... ts arc se Icctec by .sol i d ,s.t~'~c "ane..IOSl!'( .nd ·c-hes 

'~ 

w:li~h"art: d,i!'<"c.~ly·.d1"'~-~cnob~ lp:;ic_~~9a:c 9l:tput~. Logi.c gOltC"S,:ii,!ching is.. 

',))-.,0 us.cd~to.!iclect .t't:;'~ s::m~~i.n~ f'(e~L:cncy as'dC!rivcd frC?:":l the-.c.ounting .. ' 
.... 

-
3.:' 

'tn.e COQversicn' of .. thcana]Ogue'·in;>ut volto~e ':to an encoded; digital 

~ord is not'accet:',plished instantaheou51);. The finitetiffi!: rcquir~d'tiy th'" 

conversi"" p,rOcc<.s'r.:,,!.,t be .s;""II' in ret;~ion to th~ time requ'l'j-ed f·~>r. the 
.• -s.' c 

"input' volt~lt.. ,to' cha:,ge .ipprec:iably: This; constroint a~sures occurate 
'. , 

• " C!. ., ,'" '. '... 

·dig'hal r';,prcscilt'~t.fon of the w;:rvo:roff.o •. sar:ip~e, .. 
, '. - c ' •. ,.."" " •. t.' ~-" . 

the input irolt')ge change:; is o~taincd frO<:! 

, 
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f'" '.:' ',. '"f' ~ d ... ~. i u,,', ,""' .. r,,' t,L .. ,·'·n":·-, 1 - 'f ' "1 - -. -- • .. .1 ..... .:'-' ..:.,~ '- ..... pre~~;lon. or iI !tlnu~OI('':J . . 

• 
Vi ... Vi Sin. 1*: ft 

.. p 

"'"".~'1... ~;r I~. :tlc pc,1k il:;:u~ .1:;";pli:'udc,,in vol~50 ~r.~ f is. the frequency 
;> 

(: ~thl" sjfi:'! ... J've. U;H;O .ciff(·r{"'nti;,tir.,; :.nd ~(,'~tir.S the co~ir.c term to 

.• -4_-.;> 

I,._~.~ V. 2-f , , 
~"..:lX p. • 

( ~-c.l . ., ~ .. 

· .. rcr ~c.C:ur~tC' ~lr;,,""l""'{'",.oJc to d.igi.!'ill C"'-l',",'r' ,'o~ .1 'J'. _ ........ ;.0 ", the ar.~109ue ~oltzgc 
" 

:'.1;'·:~~5.;):.J(C. 1.oI£ .... scr.:i.J.lly const~nt". I~ defined to be ~ Cho.1ngc of Oo'C­

,'o.lr~'S:!-ct;"i"')!""~ l~~' or 'Jes's; Thi~ tcm is .c·"presscl! .:IS 

1/2~V, Ip.). , (3-10) 
.p 

.. .cl f'; ,.-;.~- ;> is :t:c r·~ci .ar Guarl:.i~otion le ... cls ~nd V. is. in this c..)~c t , . I 
P 

the h i slo..e~: ,"oltagc the AID convcrecr wi 11 "cccpt. Tc· the con· .... crs i qn 

t i ""'. is c:ef i ncd .:IS. ·[he [i l!'oC req~u i ,:ed to acco,"p Ii sh the AID convers i on. 
\. ., 

. The conversion time M:Jltiplied by ~he.· maxirnumd<pCcted rate of.voit"ge 

c~~n5e shoulc be less than or equal to' ene-half the voltage-equivalent 
. . , 

TV. Zwf ~ l/Z(V,.p'/p) 
'c I , P'" 

.-(3-11 ) 

" 
Tn; s eCluat·i on c.'ln be r.".,ri t ten to sho.< the upper bound for convers ion 

" 

·ti~ a!> a function of frequency, r. and th~ ·re:;olution states. p. It is -, . 
a~s .... .e:! .t\>a: the peak volt')ge of the .Input waveform equ.:l15 the maximu::1 

T- 1/ltd 
c. 

(3-12 ) 
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Iff t!.t:~..Ji""> S ~i,l"-"'~Cr!Z .'11" ~, I', 1000 . T I',· lC 9 • 
, ~. " ... " - ,~,: > OJ, n"n0!.<:'COr.~" 

ihi •. io;: r::..Jch to.Q !>horr il.\. ir.::' in whicr, to co=!;;>l('tc "thc·f,/D c..OI'lvt!r~ion l 
. . 

pr(.;-·~,·~.')-. Ho.'~~·:,·.(·r·. the ~.)'''~:.1in, ~tc r~ 10 ki loht:r,tz which .:-J110 ..... ~ 
, . . ' ~ • .)r~plcs. The u:..c of ;) ~.rnplc-huIG module [:3 J 

• 
i~ ~U~itic~ t6 the ba~;c AI":> CO:1vcrtc'r c~.a~lcs t!~,'~ cOflvcrsio:'l procf.;~S 

:.h(" CO:l'.'C':"".~.:I)·, time rcs!ri(..tion .• 

(f ~ig1Jrt"·3-4 i nustroltcs the o;>erattor:. of .iJ typic.)} $':':i!rlc-hold 
.' , 

-"' ·u:-:it,:" 9~tr. vclt.l.'~e f.olLc~· .. cr .:and dur·ir.~; "hold" tht,; O'.JtP~t rctai~~ the 

t ' .. 
'Wol~:)ge ;..rc~e~t .)t thc"r.-odulc's input .:tt the in'"iti<1!iOi": of the ""holc" 

-. 

ti~;r- MOJst e!d;>':>(, until the output beg.ins to track.the. input wi.thin is 

~p<:cified<lccur<l~Y, This <lccur<lcy i's genet"<llly O.IZ and it is reached 

• 

after 10 micro~ec9'1ds or l,e~s. FollllWing ·the c;>;>osite tr<lnsition,. frClr.1, . 
. 

·~=?1c: to hole, is a smaller delay referred to ·as thea;>er.tur.e. rime, ·Til .,· 

This is the ~ir.>e between the actual ",ode control" trans; tion olnd the ;>oint 

• ..mere the output stops follo..in9 the in;>ut, -T".i 50 usu" 11 y on the oreter 

of 10· n<lnose~"d~, There' is '<llso.a droop, effect evident in the output 

d"~ing hold of <lbou~ SO ",ic'rovoltsper microsecond, It is' during this 
• 

interv<ll th<lt the AlO converter ~rfo""s i.ts conv.ersion olnd its input • 

. "OoIthesao>ple-hold ... .odul~·s output'is cs%ntially Co/";'tolnt, ,The cholnge -' . . . ~ 

----- , 
. in volt<lgeduc to, 'CIroo;> effect over the 50 'microse.G.Onds requi red for A/O 

: 

. ;-

• 

'r-""'-., " 

:; ,.' 
. ::"~ 

" ... '.' 

r 
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c 
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;'9 v;1tinj~,~ th; pcrrorr:~ •. HH':l" or thc'inj)~\ s~~~li~y and c.onvcrsion 
.' 

...... 
:'0 :"'.ini;:;::c ~hc··cor;tribu:.ifo'n to fir.~l"crror r71 ';:'Cc bl' c.lch operation. The 

lL: ~~i to!H"r'T.;'!. \'t"rliC;:"l ':li IO .... !J 100 {:;jcro~C'conc~ for" one cycfe .. The AID con­

'¥crt(~r ;.;~( . .:: rCQ~ir\-"~ . .,1p;Jroxir..;'tcly 30 r.l~cr·~s('conds tC;; convcr::: to O:'i"t 

rC'so\utio;o. Thi!. lc'-l"'c-:; 70 r::i-cro~ec.onds·.~hich is,.di~·i(!cd into~two SCg!.1CfltS; 

" This tim~ng ciacjr.x:> s.ba,;-:; that -a full ,20' 
, 

.' ,. 

is ~11o~\.cd for"%hr: hold r..oO,c<,;o st~bilizc b~forc the .: .. /0 
l[jJ •• .. r' . . , 

;-:O'.::.;~c I~ irT.~cGi'~tcl'i C:~\lr.ded to trac.k the in~ut ~ig·r . .Jl. Tra.cking can 
. ~ , 

c.::/)ti"ue in the ca~e of the highest ~",";>lir:9 rate for ,,' ful'l SO mi'crQsecond~ 
r 

before the Iv.ltd c""",,,nd occur~,a:;ain.- for 41 lo.;er sa",,,lin9 fate the dur-
« 

,'tion of the ,tr41Ck'MOde is of .cO'urse, 'longer r. . ,-. . . 

TwO' oonos,t.lblc ",ultillib~ato~~ and two dual input llf,.'iD gates arc .' 

,111 ,that are requi'rea- to ,i",;>temcn: th,is drning and' sequencing ~ch","e. , 

circuit diagram.' The initiate'pulsewhich ~3-e illu~trates thCO 

, '!'.:art~~data"conll~r~ion.pro=s ,sets both a latch ~nd'·tI,e 'fir.st mono­

Hab le, The <lU.t9ut of ,the latcli ct;llr.l41nds the'Sample-hold'module to h~~d, 
. . .. 

. Tt;e, first·rnOOost..t>le p,O\/ides the ti";" delay .required for the hold mode 

to settle, at the 'eod of 'Which the second ~onostablt! ,~u"plie~ the start, 

~."rse for t"he AID corwert,er., \the,", the AID, conllers ion is CO<:l?lete; a i'done" 
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1 cJt ch .. a~d • returns 'the 5a~~lc hold 

·rt~-j\;1;!.i.Jl~·J i~·.!.s th),lr. 50. C1~cro~cc.G:)ds' ~'(t(:r this point, bu~ this \'loOulc 
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.r{ ... :~l: ,in'~ hi(:~rr ~a~;>lin9 r.')te \·.-hj~h· i~ unnec.!.·!.~ory in this zn()ty,(.~r 

~~,:..:~:-'. ~h ... , r . ..l'lJ ·convertr.r, ndooc" PiJls'(' j'$ '·~..1dc· av~il,)blc'so tb.~~ it c.)n 

!:i.: ~::-.t"..:! to 'ir~jti",tc .lccu.":ulalor'opC!r.ltions. 
r 

" 

~ ,', 

~-, 
.~ 

',' 

inc \,;;::C':-o.1ting i.:h· ... 'r~c~eri.s_tic.s\ of bOY', "o)t~:i.C ~.:r.;?lir.~and co~~ ... cr~ion 

. S','.: ... "":'! .::r~ c(,~:.·cr:-n~. ~! t.r.~c ~pc.t::·d <J:-\d OlCCurJc.)' !.pcci_fic .. .):'io~js of the 

i:',r~ j·.:'idulJl .'co: poncr~:s used' ''in' the '.;,;stc~. -The !-y!..tCr.1 presented here could 

J ti,"" of the ,~"::'?le-.hold"'OOule: (abO<Jt lOp riano~·::conds). The contributron 

""~" by "the a~c! i t ion 0 f t he: sa:n~ !c':'hO I d mod" I c: i", .that th 0: comlers ion, t'.i "'.c 
':'; . 

seC-Qne!'. ca'lc<ll~ for ,Tc: The j i tier figure of 2 nanoseconds listed 'in 

T;;!:>le 3-2 is also very, goOd. This r,.eans that ,the uncertainty in the 

location of each s,""ple is only 2 nano-.;econds. which' is only 'O.002't of the 

short.e~t ~:J,."!1plin9 perio,d of 100 trlic.ro$ccQClds. 

, 

3. S, 'S...,."arv" ,," 

" I t h,,~ 'b~a~ ,:t~e"input, voltage: sa:opl i ng system requi (c,s 

the use ofalf>l-pa'!.s il'he! and asar:tple-hold nodule in, addi t ion, to t'be' 

b.>sic; AID converter. ,The re:sulting s.xnpling system p'rodlJces v,alid digitized' 

'!.;,:::;:les over the spec;ified ranlles of Walsh analyz~ .. operation. The ma"i~um 
( 
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;'-, ,r .. :,,; c con t cr: . / 

.The ~.; ~~1 in~ sy~.~e~ f.e~turcs dCC.olCc: f.1nsc. s\-Ij tching over th~ 
" .., } 

:,,1:0.."':; r.):\""~: 50 !~: - 5.0Hz: 5.o:f?\~ 0.5 Hz, 0.5 Hz. - .05 Hz, I .. 
• ~.~ !.':~ - .oos H:.!_. i:,'is I~Jintain~ lh!.:"·n:.J:r!>~'" of s.i:~;:.>lc.~ produced in each 
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(1!{J'IER 4 

:, , 1 

inc ~i,l::.h . '. ~o.:;ly"~t.~r dc:;.i~Jr' r~;:tortc<.! 0)' Si'!:"ler~ i~t'llcr,1cnt('d [ 9 1 

"0 

I, . !Q. :' 
,'~ 

h ... l c,/l h ':")h ~ a ': 1 Sf':" s i. • ..;x ' n' 
., , 

i'~ )' 
0, , (1- 9) 

( p~t , 
"" ok \ . ' 

B. ~V )" I~! S~~. (~"l s"l{~,qh • ~~~':l t " 
. $.1 .. 
p,--

(HO) ~ 

:cy oJ c(.~,b,ir,ation··o't p~rul1cl and scrial..!!,5...c.u:.~~LJlOr!i. The quar.-tizt:d 
.: ~ . 

. c.::t.l *:ac",":"olc. Q "w,)s fed fi.f!.t to ~ poral1~1 accu~Uliittjr-- .... h·ich pro-, h . 

~. 

states of the ;,/D 'cQovcrtcr used .in th.)t· 

vu!-lon of :he "" .. Iy;:cr. Thi~ oV'e,rfl"", outp,,:, either positive or ncg­

'HiYe·, de;>ending 0<'1 .the \I"lsh function,,,nd the s"''''PI~ .si9:', ..... as the,,' 

fed :0 a-~,isn"d acc="lator ..oich operated in the serial' mode. The 

c""tents of this. 'acc<Sl1</lato:- reprc~e~ted the .walsh coefficient and' 

conrained ., f",tor 'of (H/V~)" Hence, it was nC(;~ssary to cr.-ploy, ·a. 

separat~' cou"t~r to record the nu"!'ber of s=rle~ t'aken .during foe cal-' 

cu·\.ltion cycle' of the,lIalsh analyz'er and the~ to divide [he acLmulil.tor 

c<.r.tcnts by H a'he'r thee.,lculate cyc.le.", ... ~eompleted. -- . 

The Mit""'~tfc. proc.essor deSign'pr.,..~nted here. uses 'serial 
I 

~'I . 

, 
'L 

" 
, 
" " 
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" 
It i!'. :oho.,.n ~h.-n the divi')"ion !.J'i H ,Ciln 

T},.· rl::. ,';,,-, r I; ,'<J ", -.~!!. ""t,', -';, 1,,',) I~.· .1 •• • 
... - -r~ ..... __ ...... ..., , '"' u: .. ;.c~.,(Jt<':l)' at tile 

~ :~:,.: .\.,~, .l:. U";c ~d-~pl ir)9 r.)tc". 
, , 

t:,·;·~ '.;~·11. o.L: ;--:~~ "dt;rir:,:;;...~iot: fol t"""ir-J c.Jlc.uL)!c cycl.e. The tcr;~ H 
~.. _ .~~ ~1-

:""" ~",'''r:.'i",,~ '70'Jn:. ,,,,,oulu;. of the 'C,'i~"Cd~CC,U""UliJtor.o.,~ l,he 

...... ;d·,h c0Cfficicnt j's it'tail.dl:1c, i~cc!:,Jtcly at trl(' tenr.ination of the 

t i.t 
, " 

;~. If>. ~hc ~.~~_~ Be!) fr:lcticrl~l.l fOr'r.1~t .:!~ ~hc di,gi t.)t \;orc' produceC by 

............ 

I: i~ thc,!'"cfcrc siwt:'!c to nom.,')li.:e"~;:he ;-1~vcfor::1 

" 

T'he '>";"~le-convcrt syst'='" described in Chapter 3 receives its 
o 

"c~l"'crt" c~ .. ·r:-d olt.a 10 1;.iloher:z·'r~:ewhcn the \.lalsh analy'Zer.t.s , 

o;.crating within its higho:~: (SO Hz -5.,0 Hz) rans'c., This 10 k) lo."lcrtz 

-,~·i!!"",r i; derive<!' fre>:" the 10 megahertz sy~te'" clock by a dividc-by-1000 

a' 
~.p!c:c th~ conversion. 

during the ~n31y~er ti6iog cycle to proCuc~ an 

, . 
'. 

I'. 

accurate count 'of H. 
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-~ , 
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" 

~- , , ;'1 
, ' 

frO:;l the divi'cc-~y'':1000 cou'nt(:r series. The. nC)I'.t lo.-icr 
, , , , 

ki.lo~cr':..~·. is o~,tai.ncd 'uy di.v;di~ .. 'J. dO' ... ;,~;::IC.: sy~tcl'l clock. 
, , 

CO;';;i: Lor set'" i c"'.> !..O. th.at it -:. out put C4'.In bc~ .;>c,rr:1.:l~cnll y conncc u:o to the 

,~~i:.c Sh.:tt>i:1\nc-:,.. .. ork. This nctrtOrk has iJn aCdition'al 

c0.· .. H~{·c·tcci =-.0 he 9r.-n~.r . .:itc/c.l{"ar contrql i"ri.,ut. ttcnc.e. 

inp~t ... ~hich is 

the fi rst ~.tcon'lcrt'~ 

, . 
CC"'':;~~ '?ul~~ is. ;rroducec j~cdi~tc"!y when tkc. ~a:;1pling rilte s~ner,J.:or is 

turned "n. The two pulse shapers within this network feed on..: output ,via 

,.;r."lc-c<X1vert SYHc:'..",during the tir.:i,ng anG calculate cycles. respectively .. ' 

All of the' coonter modu,les sho .• /O in ,Figure 4-\ are asynchronous decade 

in co"trollj~g',thes<lmple rate generator. it is necessary.to 

cl e .. r its "count er at the e<>d of, <lOy cyc Ie. Th i s assures that the "convert" 
, 
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The pulse s·lchr;'\~i~cr r;:;).~.('s USe 
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i,',_'" :'-i:, i, t~" ir.~cm.:ll c.i'(Lli!ry of the 8:,c5. IJ\i~' circ.uitry,.. -: 

~~(-~.'i:';c~~ ,~! .. e inte'r~.:..,?(. c.onncc\o"'lS r.r:c.cssury tb c.)~c .. )d(' dcc.adc 5l's:.=:.io0S 

.~:' -:,:!:.f"!':IS'c c.ou:"l~cr~. lhc C:~i\:RY our com'~·c!j{lnS'.,jl~o ?fC?'/jC!C ec .. ritrol 
, ,. 

.i..)~· :hc: ~i~:) s(."r.cr'Jtor. The. intcr5t~g~ CQOnec.ti.oo~ for ~. 4-d~c..J:.dc cO~:1tcr 
/'. ,.IC.... 
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;:~e. ~-9. Pllr,.:dlcl clockin~; i.s c:n;>lO'll.'O and, the CARRY QUi 

st"9C J.>rO'Jide~ the COli:li Er::.JlLE in;>,,: of ' the follc>,'ir.~? 
o 

1~C' ~it;~ cc~.c'r.;)tor S.U99C~.:.cd by SignetiC>,Corporat .. ion .[11 J f50 - - . 
Th(! ~jgr. gcncr~1tor c.o-.bines the .in .. !.:: C(iurrt 

.f .... / 

:. :.;~ (!'.~~;}. the COtmT Et-;';BLE ~:1d ':hc t;~?:.RY 01..'1 O'! tt)c final c.o~n::C'r sta9c 

'o{-~",,, ~,ccc...cc ~!aScs. The logic function provided .:It the output' of;thc 

U/O- ses-!,. +' SG:l~p " ..' 
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+ 

(4- 3) ., , 
II" - nlr.\be~of counts in. counter 

sen • "I" for .positiV'c input count • 
S~t. '.'(1' -'for ncg[lt i vc i npu: ~oun t 

'~'" 

in ,T;.ble 1,.1, is "" ex","p1" of ,the COlJ1lt sequence produced_by the .. 
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Decimal . Pu Is.u I (!lCB) :-.: $G~l 
Corry 0" ( 

Cc 
C'; 

I 
.:.':.iJ 

0 0. 'I 0. .0 0 0 I t 
, : 

+3 
0. 0 I 0. • I. a 0. 1 0 +2 

0 0. 0. 2 ~ 0. 0 1 +1: 
.0. 

., 
0 .1, 0. .3 

. , 
0 0 0. D. ~'O. 

0 I/O. 0.:, .1 it ~ .. 0 0. 1 --I 
• 

0 0. 
0. 0 

0 ~ 1· /-: '1 5,· ) 
0,.0 I 0 -2 

./ , 
0 I 6:. 0.0· I 1· ~3 .- 1 -n .. 
0 (f •. 1 

. 
00 I O. ~2' 

~ p. 0. 0. a d 0 o· !' >1 
.1 '0. 0 

, 
0 9 0. 0 0 0 +0. • 

.'. , 
I' 1/0 J • \ 

.. 
.10 I .~+l .' 0. 0.0 

1 0 , L .~ II 0 0. I 0. 
.. 

+2 , .. 

I 
~ 

''-~-
'0 . v 

0. 

• C '12 C 
.,., 

0 • +1 • w . . 
" 

0. I 0 13' 0. {) 0 -0· , 
o· . 1/0 . .iP .. (} I ·14 . 0. 0. 0 1- ·1 . ' - • "'5-

.-;:'. 

~ '. ;., ~,!'>, 

, '.- . ·SClr • .'~:l" 'For pcis i t \ve"lnput .coun.t 
" ,SCN.· .• "o'··~· for negatiVe'lnput ,count. \ : . 
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. " .' " .-
r.:'C!'~15C_ Qf the hi 911 spcedcilpabi I i tY· of the .siB~; the aCClJInu-' atorwi i I 

'lCC,l'pt inpul··clock.i~9.!,ul-~,.,~ at II 25.megahe-rtz fatc.-. typ.rcall'i.-- , . 

~,~,2 . Pro"rilrl\\"blc,Ov"rfl(1,{Oivi~ion . 
-." ..•.... ,.-

The 4-H<l9Cd';c.,de'cpuntc.r'<l('~crJbed in tfie 
-' . 

e"" 't;ovie\1e~t .il~- a'n\~Julo"1O:000 counter 

~r~vious -scc(ioh 
~ . . 

Th.is means thilt the 

COW'\ Hilte'S -f r~\ QOoi;" t'o 9999· rcpresci1t: _10 .OO~-· d is t ingll! shab fe states .. 
. . ' . ~ "" 

-.' 

If· mc:rcthil,;-IO._OOOpulses.arc fcd l~hc-. counter 'it 1'';,11 ovedla.·{ 

"fter Hil.te· 9999 •• retllrn 10 0000- iind C(mli.noc counting __ l:hiseHe~t-
~ .' . ~ ~ , "'. -" . 

-. . 
ivc.ly ilccomplishes di,vision'byIO,OOO; The 8285 i:\SI decade ~\Juni.cr-

stage~cont'-'lnlh~ 'I09iC [cqvir~dto d~t~ct'lhe ov~rfl(y.,h~tr'-'~d'!_hls 
. . -"---. .... , . 

signa j-.: __ Proper; ntercOnnc:>ct i pnof _the, 
" :. ". .' . - • '(j)' 0 • I • 

~ld!lCS wi'lIy.icld an overtl-l>w lildicanon tor,-any-nu-r.,ll)I,lr of d~c~cic:'-
.' " .', . '- '. ." . 

" ." \,' '.,.'. ", ., , . '. -', "', ",' .' ' .. ' ":' -, . 
. ~la!les •. , I t will 'be\~hown ,in .. ,thi$ sccliol'l that· ,the.addi lion of cornp-

, . 

• t." •• , '-
_ariltorlei:e' and pulfe'Slill,Hng .~i r~ul ts_ t~'thc basic "s igncd_ accui-oul a tor 

:,'" , <'~';; ....... ,: '.": '", . , ....... '. -'. ..,..,' : . 
m£ll<l<S it'pc.ssibJe ~.O p're!l-e-tthe ,c:oill'lt-stare at which ;lo·.ovcrfio;< oUt-

., .. ;. .'. 

'I';;t'wl'l I oc(;ur •. This pr~rarm>~b I~od iv;~ ioO funer! 00 provi,des,dhi-isio~ 
,\ .. ' .... .': ' .. .'.:"':. '" " • ".,,'- .~ ..... ," ,' .• " .:' ",' I" ", ... ' .. : 

, by H ,. the n~.er·of~lIAIpl es ta~e\i d·lXrffo.gthe. cycle,· for; aoyH-,.- /rlip~-.--
~'. "- : .. '.. ... ' "".,:: . ".:' .... " .... \ .~- ","':'" ... ' . '.'. :' ~: .. :"., '; 

~~r';'-tl" i s~madeava11 abiebj t.he,~ 5~S) 1~':f()<Jnt'er.. . "':,,:. .. 
-.~: '.. '. ',:' 

.' . The· \lill $h ana-',yz.er's de~e- rangin9_-system lIIaiiit;ains !t \IetWeen 

2.00 ~(f 2~' • .' inct~ly~;~~q\'l_r In;';~. ~~*de~oUl)~ei}" fljJb~~::4'~ ,'!, 
. ~On~'ai~~ .an'\ll'u!.t~~t:i::~l.;~~/_ble,()yef66.;dt~id·er .~kratiJ;",·· 

-'. 

" 

.. ;; 

". " 

:r -'. J,~ .-:c'_:,:-:.;":- .. ,~~_,/--:'~,:,',· ... ,,,,--::::-·.,":·'·., .... '" -",' :"',"'.,:-:~:, ... ,,,"':" _:~"-,:\": .. <.,,,,,., --': :::.'::: .. ":'''" 
ll;causettie:ac~"illatormay overf'dw"al>"a'r~u, l'of:negat i ve . c:OU/)U .• ·. . ..... ' ... 

.', ,~ 

-, 

• . 

'~"i!be~fHg:~;~8;:,~~,~t~.,~~~~~~i~2~i~~~:~:~~S:;Z;:':,~:~~~c~nl~I,a~.o.r'_.... ' ..• ;' . 
"~O\In.t'-st"tes.-·· TIwi·.ai;;c~I'ato-r$19ri,tll~_:be~ t"l;".o,;;erflq.'i'-;:rgn';·~i'eh·"'''!'':';(",~ 

. ',' , . - -' '," "'.- "" .... -. '";', .. ,.,_ ..... :." ,,', - "\-" .. : 
. ~'. .' .. -.'," 
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72, 

'. 
,o\lc.r fl ad; , 1 

r~sc I ~ (otc r'o·. ope ,'al i o~" '1', 

. ,,1'------' . "-_, 

',\S;\':<;"9 +t equill to SOD and thc' 'cc:iun~ers,al DODO, ,an input 'pul~e:irain or,'; 
- -".. • . -, .-<...:-.... .. . . '. 

~OO pu i:.. ~~_·~';"Il\u!='.l 

-' 

.. -" 
, ov,;rfl, ... pu Isc a.n'd .rcturp {in' cm.il1lcrs to 

Pi;'itivc i,'put pul~('s' ~;.illprod5'~~ .... pos,··t};JC' ,;'verflrn-/ ~'utP~\, '. ,~-. ,; '. ' , . 
Thel<lH.input pulse, number SO·O.pr<;~~ccs:~·c6-;;~i~;;~t'~Ce'of soo-·n., the' 4' 

~' : ' '. . . /' '. ." ,'.' - . I. -~ 

d(,c'-l~te" ~t t,qcs. The f·c~m.Pat'ato.~',3~'ctect~ cquJ'al'cn'cc' bct\·~ee~ -tt'is-:~!.tntc-r----
.7 ... --"_.' . .:: . ' '/' ~ '.:J", ..• ",~-- •. .., 

,sptc, "nd H and initiate,s~p.er1~Ionsl(ch P~OdUC(!I,t~e,.bverflP.u>.utPUl 

P~": ,:'"~ r~~C(~h~ .co:un~~r$}o ~Z~7.:;Th~SC, ~p~r~ti:o~.s .. must"bC ~~iPlct~d' 
'\"l~:'Ur.l, delay' toall~'I/for'yc 'case ?.f':add.t'qna\ 'nput: -pulses, The 

, r 

~ '[;\ .. - . 

"':'" 

" 
puhe nu"ber Sal wou)dth"n_'~(i'va;;d tf;e co~nte~SlQ·qOOI- arid t~.c' syst<:m 

--=--.-:~ ... -- , 
'1'1,.1>1 ~c ready,'lo, acccpttll!s, i 

. '." 
puise" 

' •. , 

, ,Eq~ (va I~ncc-,'betwec.n C:ount~r statti-;sdctcctcd by 16 
, , 
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" 
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.. ~ 

,< , 

c---' 

R.~~~(~t ,II:: HI . ' 

~ -" ' 

" .", , 

" .. 
.... - ..... 

" .. 

" ' 
: .. 
;., 

, -

, , 

I 

Compa ra to r,'~ 
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• ., ,. ., •. 
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7~ J 

': ' , . . , 

, . 
. , 

.:.hic.h·.assurc stable Ol'cr,,~,6novernormill'lcInPi:~Qt~1'1? ·ran~~5,' The,. 
. ' .... ~ -. 

IIonqs t ab1.c:~ delay: Is. ·m~'l'e.rylPe propilQil tion de 1 ~y 'of ihc3- (nput OR' 

0~1lC anJ th{' r.;:i1.1.owing i'lvetl"r,~. Rand.C arc. adjusted 'for an output 
" .' .' , ,~a, . 

pul~c of IIPnanosecOn<:i.5:":~...· .' , 
... :, 

,.' 

. to· the :foHwi.n~· eXp es~lq.ni 
. ~ . 

':' " 
; . '. .. 

CARR'( OUT .",. C~\~R~ ~1Il(Ql~4UP +. Ql Q2Q3Q4UP) I. " 

lib"flthc 828S Is: used lnthf!·l'r09r"mrl\ablcdivisionilcc'ul~ulinor. lhi~ 
< ". .' ,'. . "., ' .. ' . 'i . ..' ,.' ~ . 
• signal .i!.' nolor,lger ·:St1.T~:iC:.icnt .. toproyip~ input to the. si·gn. generati:J.r.,' . . ,: \ . . 
·Therefore .•.. the:o\l~d'io'~ 'O~tpu-t· pulse'''l ~9 sc'ts a' l~tc'" \./h;sc ou~put, is. 

'. <"., . , . " • '....'.: . • ! . '" ., 

\OR.'~d Into tfle }.I~.9cn~ro;~r. ,,;sI1~wn, in fl911~e 4-13,:}~u~. the-~i.gn· 
generator I.alth.'·j s . ciriab leda.t the.'prog rammed· overf.l o\~ coun tand dHlacCC'pt 

a'c~angeji~:;~put Sign;'~ l~eOV~~tf()W'l~t~h j;s th~~r~,~t'a.t t.he ti'~-5t '. 

., . · , ' 

., . 

',. j 

.# 

· " 

· 

" 

, 
\ 

.... 
. ..' ~ . 

'~\11 se i Il't111; oex tp~l:se..: ,Hai n', ' ... , .... "-.. -:". .' '.' ., .' , 
.. ,.;, 

. '" ~ . 
a.. 001:,,:"" ",,", ,,', ". __ ._" ",_ .,< . '" .' . _" . · .. ···0 '. , 

. ': .. ' :Al s~.;s~inTi·~ura.;4-l3., is. th.c.O-t.ype f1 i p-f lop ~r i 9 i nilll y 'used 
.. ,' ': ",~ '''_.'' .~: ...... ~.'. >: -:; "'.' ' .. : . " :::'>,''',-,,:-:'''''-:0' "",', . ,,-' ,',' ',' .. "_ .. ' -'---:'.' 

;~y;5i.e~~s, J10Yto.:s~ore ttic.pr~~lict '!>f:~~c .. ,s~mp lesi.gn ilnd Wal sb' funciJon. 
. ,' . 

. ';~al the;t:i~ ... thcsariiJile.ls:'t.~~~I'!.! Ai> EXCLUSf.VE'-'NORgate p~ol(ides:thi; .. 
... ~ ....... , •. :.,~. ,''':>,.-;/: ',,:: ; ,,": , .~.-.-~~;~,."""._~".~, ... '''',9. :', .. :-,;';".-, ." " • . I' 

....... pi;oduct~.c;l(the.\Ia'hW.f.un:(;tlon~:and the safllP:le s-i~n. The samp,l,e convert " 

. /' 

, . 

:.~' :,~~nd:.Cl~~~i,~q~.J.'~i~lh~::,,:"rhe/~l i~ .. I~~'·~·~y~~'f!'ll?~i ~p. SynChro~i.~~s': ".~ 
• ; .. the, p:0g~aW6i~'O."er flow in."l d~r-'ln~~t,;'19n::~1 ththe,S~ti1P'le PuJs¢, 

·:!cc~er:1i~/~ut~'i;~:· '~~~ ~~!I~i'o·~Llh~ .. ~~el'~~'~·i"~t~~n·!lY 't:;IO~~': . "'i. 
~ "-" . ')["~",/;;"i .. ' ""# '" -', .. ,' "~" • _, ' ~ ,~, ~~:" • ,_ .' ,'" .. ~. _ . 

' .. : -:':'. cpunt.cr preset'lJul:s.e~s~~f'igur!;4~:)J.ISlIse.d .~o-.~c~the:$eco~d' (ilp-floe ••.. 
_, ,_' . ", -,..:<.;_; ... ;-;" ' .. --."' ""'~.~~'.;"""'.,:).-;:.~.' .. \,.~.:.:.,,::\::.': .. ~':.>,_-."".:<.,-;.;.:_~ :~_"::::.: •. :/,.' .'t'._';;::; .. ~.'~~_.;;.'_~, ",', . ' 

will c:h tl)ept:Oil rbl;r!lab I eov~rf • .!.o'" d!vl . .derciItIt.' '; .... • .. ' ,:. 
- " ..', ~: c. . I '.' ,- , ".,.. ". ."~" " 

;;1~~'~~::1··~~~~·~~i~; .. f~~ti~~:~1~~·"''t~.;~.tll~,:til~"~~pa,rJ.~~;~h#,,;.r,~:~~~F:,.,?l~!;;~~~t, i oris i· ~. ' '" : ..... ,. ;,"',···.i~;,;,,;. .. .:,."",'" . 
.~~, ... .. -,.....-: ., 

" "-" -"'.-,-. , ,'~. 

, :: . , 

, , 



\ 

.. 
, , 

','. 

[""I'Y 

. [I):d~lc. 

" ' 

i • 

/.. 

. :'. 

" to \. 
n 

~~ ",.' 
",:",of ." 

,'. ,.', 

" " 

" 
" 

" 

" ' 

',' 

, ... 

. '. 

'" 

• 

" f " 

~'i . -.)-

ely. " 

",' . 
. ' 

.1 

. ", " ;'0 

.,,' 

. ,,~ 

" 

, 
" 

. -.. 

. . ' .. 
" 

" 

, : r. . 

75 

, " , ' 

". '\ '. 

,.1 

J '.' 

'. " 

" "'. " 

, . 
, 

'. 
>;~)~ 
. '," 

" 
'.: 

:~ . 

.:-. 

. ,".-

,'. ':, 



\' ' -, " 

. 

t'Jf.:·v ice Type 

" 
---~-

Del'" I' or 'Tr~n>ition Time 
'--"~:"'" 

Coun::-c",' , .8285 
., 

J1nnoS''econds' , clock. t,o .output 32 
[) ,,·-f; 82S I,2. .:- .• VI, 

.. 
outp"! (t 0 [0 'HI) 9 • 

",'{H'C,':' (j'j. 7
'
,501, . output (II/ 

.. 
to LO) 5 

J·~.J-r~rl1jt~ H~\t~'D, 1/(S 10 OUl,put (LO to ;H / ) 3 
. ·l.n·('(~r h-.f· 71,504 

·r 
oo,tput (II/ 'to to) 5, , 

COu'rd. t.' r-· 8285 ·r.c~ct to oufpu l 24 ,. 
')'. '+ 

~ 

78 nanOSeC9i1(Js' 
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Prd!l{an'tniJl$l;<l Dhi-i 5 ion Pro/facial io~ 'Delays 
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", 
: .. \fter th"c COl.I.nt 

. ~. 

pulse transi'lion .whlch iJ1l'tia.t,;d the equivalent count.' 

stdU', The n;ofiostab-Ic'~; pube, ,·dd·til is 1,0. n~no,cconds and"wll'l thcref(>re 

\"q II, "~n~,,;~con~I's aftc'r thc'coul;t'~rls' reset, iJr'i.-ngifl'g the tota·l.to 

". 9 1\. r:.J!lQS(~·c6n(b. ll,its j,s con':=;i''>tcnt '\",iui iln input puls'c 't"ra,ip rcp,eti~j"on 

,'at'".or IOO'na~o~"tond~ which c;orrcspconds to thc'system clock of l'O"'m~~a-' J,"'-

. , 
",' i 

"~"4"3 
r,' 

·· .. 1hcC<><:<:ffii;it,,,t' o.utpyt Stilg" coi,sists . .of :'the signed accumulat.cir· ... 
i 1;1!,strated in fi9u,,~S lj~:l and4c'LO, '1ith the exce;tl'On ·that only 3 de;;ade 

c~un''''~";O~U~f' ilr'c re~,!i red. I t.acceptsasl.ts ;p~lse' I np~'t t\;" overfl o.'i' 

.6:t 'ou't pu t oft~(; p'rcccd I ng p~~gr"!I"Mblc . o'l"rf Iu.,d I v.i der'-~"c"U'llU li'to(d isc)Js S Cd 

in ·thH. ~f"~,\"Iint~'·. ~pr:fi':~I"J',· .. Thf" ~i.£lf'! infltit j)l~o CO(:1C,S frClTl. the, ~rc~·.ious staQc. 

'llie' di.9i tal OU.tPtll fci~at'of the A/l)'conv'erter used· ip ,the \JaJsh ana Iyz'cr 
· ., .~/ 

. ,', i.~ a dcc·ima·l,fraction·'~f 3 plac.es;'Bcc1us~ the pr.ograrr<n<!ble overflc", 
~ , . .. . "'. . . -, . " "~. .' . 

· divider s-tagc.dividesthe number oJ pU~!:~S by H. for'a-tl H.this.for~~t is . 
..•. 

'. mainla.inedintf,e.autputf,lage •. It isslfH,icient to. ' cons Idel the cas·e of 

!,~cOns~ant full,~·s:c.are input" t()the AfO converter: (pr. thcdurat!"on ofa 

~ycle.Th~ i~?iItSignaim~y bea';~~edl>()sit.ive. The·tot.al number of . ' -. ," -.' ' . 
. '." . 

. ' pulses produ'ceo"tiy' the:.s~ple P.uIse'Cc.nerator wi II.be.H.X9.99,."S:inse this' 
...... . I' ", .. ' '. " .. , .. ' .. ', ":," ,': I : ~.',,' .<. ,," 

· qua!,~ity:of'Pulsc~'':;lll b~di~idcdby,H·.thc coefficient outp~t stages" . 

. , nar.>elythc3 decadeSt~ge$, 6-ftfl~firiai.-·accu";tifato'r, w.lllcon~a.ln +999~t 
, . " " ., . _. -l 
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f:Ui ,y:eC;od~"~cfr~G1JireS,~illi'~r~nSi"l;ion;iJn ili.p~~·ur'~j-ildIY 3 "'~' l' "';' 
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. ".:;:,- n)I':~ fi:':'~·itllc::·.p.~~·tIC(li-ly to IHHfo,:in. ii ~Ubtr""()~f\ I from'/ 

'.' ,~'~r1C') :, ". Tld'~ \'V~.'~ '. ~ '. ,; / - a,ty '~~' i n.1r\ .H<'rl·~i 11~1 ~. b'~~I! tit 
:"", ,,,,'" bi~nil'..'l' ;ar.;~blC~.:liii ~ji.~'.'~ lhc·.rcd,c(,d .c);pr~~sio:\~ i.. " 

A(o,e-",} .. " '. (,S-B) 

11(",'6, ~) .. ,~ 

'. . ..., . .; (5- 9) 
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,.'. , . 
t(fi •. 5, 't} .- , 

• '( :"1-' 
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l~iC c'rc~d tV'i:i:~q\JirltdtO"i",pl~e;;'en{ 'the flJlladdc.~r I<hrch .js'~c{!ded."·\· .. 
((;,;"r~o~n thf! s· -~ I ~oper<;.t·i'a'i ,'s;idt'il'tcdly ';;"rcco;;'-v;~x :hil'i' thilt 

, .' .. 
,' .. 

~'*,ired b)' \!q,,~.t jans(S~Sl. . (5-(,),lod' (5;-:7}. 
,I .• ' 

(1;,. pr09·;.)tm\in~ seGuency s·r.e",all)s ~nctiilngeJ far the dur .... ti~n dT the 
. • - I " I .. . . ": .. " ", 

.. . ., • , _.' , ... , \ .t • • " ~ - . ~, . 
c),<;I.(.",.hd."'en .. fro,,, 'cycle' to ·cyc:I;;. wherCronta,uous l.Ialsh.>tavc5 arc. 

. ". . '. ....... "," . . " .: .-

d,,'; i'r"d, 'thercfQre >,:p.r~poi~ilt i6t1del.iys with i ri~hcadder do oat .efJ ect 

8u1:. itrnust be noted tn'at 

.. ..' . '. . 
Also' pilrallehful.1 addc;s ar·"a.va·ilab.1', 

,-.: 
. ' , ' .. ,"- " '. " ' ,-, . - " , ". ..' I..,,' 
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c.arry out bl.t· fro/ll ',the a~e·r .... the s~!l'.·l ~ s \- I ~ '. ., 
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! , 
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ri~"J·c. S~3-rll\J'sratc~lhe.(;jrc~iltY:requ.jred: ,oipplec\C'nt .the pro9r:~;,,:iS5n;, 

. . . . . . .. ;\ . "'>'.,. .,. 
i,I'>lshfu,iction: 9(oer.ltol" •• Examl!ualion of the. ~jrcui/'\·r.y rcvl~al $ severaJ., 
. . .' . . ". .' '. '.' ." . /" ' 

i,;;~or~t "spe·ds.oftl:'e9~ncri)to\rwht~h~nl be rhai'n~d evc(l when 'the 
· - ',.". I:' ; '.' ,.' ',' .... ':: ~. -".:".: _ ,'. :"": ,>/' :'.-"', ..• '/ .'.' ..... ,~.', 

.. ~\lC l~e-,:;ucljc:yi o'ttne !jenera .. tor-i'!> inl;1eascci. .' /. 
/' , ' .,. '. "' .. '. .., .;, .. ' I· .' 
. ',' . "rhc.bJlla .. y~oun'ler o~: ,roil<Jemilcher funt:t.i(>ng'c~eriHo~ us"d' (is. the 

• , • -": • .' /I \' "'. • ••• - • ",:' ~:, " .,'. '.-' ", :h' '_ ;-" ',' . '. __ ., ., ..... , 
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,yc te ;nre:sliltabhk" tt;.wllJ"bO·secnt.tlatt:ert~ln.mc>CfJ.ncat ions of.' tile 
, . ' .. , ~::.,:,.,,-, .':"~'::-:';"" .. ';:<.~"'-__ ;''''''/:~'''\''-'-«<'''.'> ';:","'~ :""('-';'. ",\.~'>:"':'::' >,:~_" ,'f ,". 

;./': li .. 1mpto blnar.Y/~t~ ,~:lt!p:~\ler,:Clr¢to~ ~r ~:[g~re:. 5\5~a~e: .~~~essary~_·,. ' 

. 1""I_tlt tt prKt1aUy ·ltlld'-.·that. tliCse cha/ogos ·cf~ec;tl".ely ,$atlsf'l' ',' ...... 

c~c'1~~!~M.t~I~!,~~~t~.;;it~kh,)#,~; 
·1 ~ieJmnged .·tor •• " F(/lChrooPu$l,(cl oe ... edcounJer ••.• 1'Olie.'aCCeptabte:r', .. ~""'i"'~:':'t., ' .. 

. '. -' 

.. ,',-'." 
- I'" 

• .~,.~, • ~< ,.:~ •••.•.. '.-•.. :.':.-•... ~:.:'.'.';' •.. ,'.,'.', ••.• ' .••...•• :;:.:.: ". ", .--'.-:-,'~ •• ,', 
' ••••••.••• , •.• '~ ••••.• ' ••••• -•..•.••••••.• < 0 '-' '- ",' ., .. , '''. ~:;i:,':'.:\:·"--:: :".':,,1_,:;': 



;. ' "-, • • 
'" , 

" 

') 7 , 
'; 

.;tnd such (: I J~ f.ts il re-

.' • , I 
,[ 

'-.. 

dff.,f-ic.ult, to' r(.~.:dl·.ic·.' It fs p,~cf~r~'b)c' to :re'p:la~c_thc d,iffcrc~'t'Lltors ' .. 
, :- ,~ , .' .' '. '. , 

,.,·['th ~"lr,j !lolling cirCUitry, II~ .~hoWl)· h,Fi.9urC·S-6. Each 'dirrcrefH'i ... t~r 
j,rcpL:lced •• It·h ill: I\IIO .. !l.~te:loli';lich f;cOlle~dhe'~ounler ·;tilleir.rnCdijelY· 

'J --" ,.0., __ .;_.: ::.....::_ .. ______ ~,_ .... ~:~_,_. ___ .,-', .... ___ . ____ • ,,' _ . • .",' D" .~ 
'r:CC<!d. i.I>,j .. HICC.Oll .. i C./lI· 0 ,to. log ic'aYTt-r;in; rtTon-l~r'wa~'Pfcv lo~~IX . 

'II........... -, -. • '.' • \ ' 

'.')' us",d,)~·thc·.d1 erMlilllor'~ inl.t'iatlnginpul. A~' addi.tional input,.on 

, 
. , 

" ,'" 

.' 

Ihe'l':l!l9<lLC;S i~connecled lOt"~ ~~~ntcr dOCk;'~iIlC:C b"fi iP-.rIOR:~.A ... 
. ,J~.,9".~~iltc on the negative~90in9·Hansition. thcchallg i.n9.'(J.ip-flop\.· 

.~: ~~C~ ',,11'1 ""nrot.eff c~t . the·IilI~9~(C,~utput.~ uiit i I' tHtcl~ck. h3~ re (ur~ d 

to' I09Ic~11; 'and II'" 1,"!Yfrtcdelock.toI99i,c.al.L rhllAlJ.O gille . 
')i' 

... , ' 

.,. , ",.'. ..., .. _ .. 
• [ outpu t~ ,a."d ;thus . t.il(lb~ Ilary rate ",,~nfp 1 i. erou,tpJ t ,will remai'n·· 

.conWlflt u~t\l ttlel1extc1.ock PtJl~c oc:~~rs.Thls mct~ of c;ondi.tioni" 

,",: ':; .c::::;:~~ ,>'::! :;:;~ . i~. ~ch.~:"~~~.H!!:1 c. ~il ~h:7·':!:i:: .. ~ ~;.;·~C::!.i ;;:~: .. 
: clOC:kfrequenc;les ",rlh 'whlch the blr(aryratcl'llultipller.wl'l.1 be used th n . . - .... ' - , .' , ""'; , . '.'" .... . • I 

would lin Outpul R~iseof fi'x.e<I duration.' 
. . ,. l • ; ~\ _,' " . ,,', • ~'.,.., •••.. . . • 

," . ,"-': ,,' . ,-'.,,' ) . ".' . '- ..... . ." , " . 
'-flgureS:..7 nillst.ralcsa progl'acrnable .... iI·l~h Function 'generator 
".' ',' -" ',- '.' '. '. -"' - -, . , .. 

..... ',,'. 

for: t~ u"f~nCtlol11~1~nt~d~rth a'bliia'ry 
,'.' ~ . . 

}O!Jglef!!'!I~tloif~gener.tor, " It·· is .riOtlcedthatt.hel"~i.~:very .1,Ittle 

, dl ff~rc'(li~ bCi:~c~fii;:$'CI'fd"lt;,n~'the' c~19~riera tor cl rcuit~hown ,in' 

FI9U~C:S:3~ ;.~~··~~t~;:~16~k:lr/f'~~toa I i,lk~pr09r~lrI!., n9,', ANn,,' '7' 1 
, " g4tOS,. , ••• bUt;,t,h09~t.':i·:·tWl··ProVI·d~,.,.~~, .. ~~re;~ ",to!J91 e··functl ons • ., 

, -,' . 

, ',', .. ,;~. ,.,.:t~~:~~·:!+'~~~-'''~~P~i.~{~he.,'.a.ddl'~lO~~i .",f~~uced'·~~an·t,e~, "s'tate, 

'XYZ(1olOuld havo.·tO~lij:·prbV Icled', ilnll Jed to,the ·thus$\iPP'!y11l9.c ,-" Y . ' 
--,-~' -. '--'.-----.'-~.:-.~:-:-:-:c-~:---~..' ,_.:-:' "~:: :~_:~--....;:":".,-.~;~.~~,',:,' _ ....... ~ __ ,1" __ ,,' ':';.>~,' ,:':-': .:::. ", " . ." . .' ,,'.'. .... " ';".' . " 

..... .. ~_:~::'.~, /~.,~.;': ,,:>,,_,~: . ". ',< .. :,',;':' , :," . ".' .. ,;---: ,. ,,' <_ •. ..., .• - -.---;;-"-- •... _____ '----.., __ .. C::'."'."":/ 
, ", " , " ~.' ., .: 

':,' ': '< "::~',r_,::~·:0~'~'i~::'~~;:i'~~,i~~~~2~'~"i:_~~~'·~~~:!~{~~~,:~~! \-I!,~,. ~:,;:~;:,'~,' ,.~")~'~:':,~~;>. ~:; ~'. :,::,:- ,--.,:,j: 1:.;-. -,;:~ ; , -. .: '.:, .'~P,.~: ; " -' 
>.'/.' , -' , .... '. :::.:,.,~'. ,~"" . ",' .;.; .. ;,... "':'-'''~':''':.::>''''- "';,:: .. , .,,0,'0'::'-':">-'::;' ;~,~,:';::x .• " __ ',. :.,: .:', 

1_.' "~,~,',:::.;'., .":"', • _:,. j '0 • 

. "'.': '~'. - --i;,:}.,. ':~::::,:;5~~t::~''''' 
: > .. : ..... ,;,: ',' ". ~" 

'. <.: ·:~~,~'~.,5-,;:~·,~.;o,-~.,:.i·.~.:.;.~:.,:.::.~,~.;~.i.L.,:,:~~.~.;.;;,:'~./.; c .c. ;.:'c,,; .. '" '" 
0>, .. _ -;: ,t·:::~::,<~~:~\,:". A~'.:::/::~ :~',~.'.~<:;~.::; 

_. .. '. "-: .. 
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, 
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, 
... Qj!-<-.....--..I-,._-l< J 

. I. . 
Q'I ··Qr~. J' 

. 1 '. . 

K QI- .' K Q, ,. : .', 

.". 
··',1 ,,---qq.-:c .. l'-b ... •· ...... _~_.;....,..~ ...... 1_4--...,;J, .... --...... --_-l_~_!__ ..... =~---..:..~_. 

\ 

. . .' 

, 

.. 
• ,y'" .. 

' .. ,f' ... ;. 

Input 

I\"te' ..... : 

·'I"~"t~ 
.0 

'. 

'. ' 
.• ..,i 

\ .. . .' 
. . .... ~.----:.,....,.-..;..--'-..;,..--...;; ..... -..;.---..;..---..;..-..;.--'-,-'I 

" 

", . '. 
.' 

, Clpc;k . 
vavcfQJ1Il: 

:J.' 
'0' 

. -;. . '. 
:'," 

'.. ... . .. 

.. ': 

, '; 

, , 

.. 

;., 

. ~:-. I', . 

., Clj' ,,' :·.f!:;:.} I.. .• .-.-... " .-

.. 

. 

. 1 
-'1, 
" • , , 
I 

'.. ..' ..·.·r, J.;,;,;;.;;.;:;;;;.;.;;;....;..;;;;;;.~;;,.;.,:.-,f"...;;-.l ". : .,' .• . ,~irJ~ ':~: ............. ~:..:.Lt ...,...,.;..-Ji-..;.;.,.u..".. .. "'-.. ";"O .. ;,.....::--..I,.;.,.... .. ,..... "....,..1' ... ,.; .. , 

. :9.j,lIitt~,:::· .... :}:.}.':: ..• -;:. : 
" .. Output:·f .• 

. '0: :/i:i·.','u:~,Y-/~L:,{~;1,,::,'1"1~'f,#:~~~<1~~~.;·Z}y;,,.... .... ..:: . .1 
·>·:·flg~t.~\~ti~:t1bift;fled~1ttnaryRa~ 't\Ultlf)I.I_~.I' .. :;: .....• ,.i.,.::;: ..• : .. : ..• \; . 

. :'·:·:i,j{;i;}:\~;:0;:i,1;:f:;Hg~f::;,:~:\:;·~::·i;/i·q::j;~~~~:!iit6~~t1Wi;~~7;E:· .:ti;:.!2;:'.:;. ~· .. ~ •.••.. ·~s\~}r',t .'. 

.' 

.. ,'). ' 

~"'\ ~:'.'. - '; ~ " 

" 

.. 
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:: 
. ,: 

, ,: 

(', ' . 
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'" " . 

.. .. 

. " .. , ....... . 
.. . . r-' ...... \'-+.,.....; .... . .... . ... ·1 'J 

',. \ ,." <l). 
,. .-' . f-

. ' 

.:: . 

I 
.1, 

.''; 

. 

.99 
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.. 
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.-:-.-'," 
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.r .. ·f 

. ... " .~\~ 
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\, .-. 
'V'" wn~t'"1t ~~~r.,~ in, ('~u"tio'n (5-15)'~" This. !l~~(" i~ h\diCa,,'d ,a!> ,1n 

,'·,:','()'n in r i5luro:5-7. AI~O'thcl npu! progrilt1o,,:i n9 bi·ts. 5, ./Quld be 
" 

... : ,.lhg'ccr" to s -:1 ... rrth·,.'-, , ' 

'. 

," ,'., ,:. '.,' , ,,'-: .' ': .".' . ", '~", ..... , ,", ,,:. ',~" . 
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" 

lk.'·lU,C- the cln:uit .Is c'ssentl;'.lly an e,y.terislcn Of the' diil9ram of' . "'~ ... ' ',.. ' ,. '. ' '. , .' 

• 

I: 

fi suri:5~6. i t ,,,,?Y. '~~u~ed·t~ ~ i reG t I Y i "'pi CII'.en( the S~qucllcy,_prO!lr"~b iIi ty . ' 

. ' .-
fc;;t,ur,e ~ra \llIlsh(unetlon,sen~riltpr; ,rhcirlt~rIHil:.clrcui try "j the 

~li7497.·r .. ~halffl in fi9"r~5~'8.:' T!le:blnary cotlntci.r ,Is"synchrorpusly 
" "," ~ . " . " ,~,,-~.-, .. '-... . . .;. ,,' - . . - ... ,'''.~. . '~ .-

'd1l,cltcd <loci. the ClOCKinp~f Is Luffered., tlic:hatcP~09ran.rii~9 'g';tesare -. .' :." , . " -~. ;-,.' . 

. , 

,." .,'. . /", '" '" ~ ,'.', _ . . ' . _'" '. "'''!' . ,1. .' 

coupled tot,~t;lU'K, •. nput-liS clie-lo~e.;,,-A:.c.OInr.>!>Il. buife're<l',tLt.IIK' reset~ 
. :,.,.:: .... ::,:: ,,'", '.: ,>:.'.,: .. ,:.,.,:':',:".,.':': :~.::.~::,."," ,·".i-:'.,., .. ·. .:','. .' 

",the billilry'iounler.~·The[J.t<sever" "'eXt:raFf!~ect ions tClthc'c ircul~ry , 

.. 1II~h do not':<ip~rjnt~st~plellc(sionofh9'ure 5-6; ,The STROBl': 
, . ~' ' ".' . '. .' . ".' .'.: 

Iri;i;Prcivl!ics'addl i'l~n~\'c~n~rQi~f the " pr09ra""1l"~9 gat1~" Ttic~, 
'-'. :' o', ':, • " ' ."., '" ':'.".",.,' ....... • .. ',. '. '.: " :. "." . ". ", , 

..... 
. '- ," 

, I 
' .. 

" -. 
'.,;: 

. '~thcr:(;~li;Dcoo~ec~ iO~$.·itrc,·~ans.(or;:, 'i'~I'),~.j;I~di!n9: 'a number' of<7lj97's to ,. ' 
,.;,;", ,':,:' .... 

rOgrap!lDi'19~i U.. Thes,e, 
.• . ....... !.' ;:',' 

. ':.' 

" 'f 
c 

in' theWal$hfu~~I"ri' 
'i 

, .~ 

.... ' . 
:"'{~', 

',,' , . ,', 
.-', . ' .. ' ' ,", .',." ',,;.:: .... 

sec~lleln~f,,'lrogr;tlllTl4l>l~' Woi Ish', fljroct,on . 

• two,: 
'.,. I r.',':· 

','f~9le functiO,!~~·:"c..: ,,' 
" I 
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L. 
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• 
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K QI>-

.: i. 
',. 

j. . . 
;'" ":": '.'-, 

, .. 
• 

.,:-' 

1iI!iI:'H~i;· .;'" 

SUOSE.· 
CLOCK. I " 
CleAR n 

~" , ;( 

>/. 
';:-'. 

t sal(s,d' 
." " 

( 
. K QI c:-

,. 

'-' 

. . '.-

;.:" 

, 

EN 
·y.QUTH--':: I' 

ZOUT • 
UN/CAS P~'i-.'T I 
SJR08EI'>-l ,. LO. 

. CLOCK 
CLEAR 

, 

I' 

HI 

I ,-
J 

K .Q. 

• .. 1 

:.. . ..: ' . I 
:r Q 

K Q 

.'. 

'In ItJ~t~ Cycie 
l.···'··.:{i.~. 

:;:f~~.1 i/~~ (/1~. > '. i • .' ..•• 

.'j>'/" u,:" "," , .. {,Flgure··5-9 qua.J:·OrthOgonal0utput SCQucncy Pr~"J.ra=,'blc 
:,' .. '. I: ...•.. ;/:.1 ....:::als:~runc~lon Generator for ~kl" ,D 63 
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(:' . .'if'lii(!",n CO(lnec:t~ directl'Y! to the T-bli,.,d JK \I'11.s), output il i·r-fl~p:. 

p:.;" .",1'0" Id<'.~ the. Cil I .oU·,tP~I:'. ilndt.~6 ~eq.ue(lcy.lnplJt or ~.,qucnC:)' 

~jdl,cH bit~ (f~<lc(.arc: "ppl f~ .. directly tn.llic··rilt/: progrilm'Tling iflput~ •. 
. ' -'~ .: \. . . "'" . ".' .,' . .' 

"1h:(",h" i~'applled~ IIIP.UT F; b· to E,.-a·nll ~o on •. The lllMt:E 
-' 

:).PUli~. wired: LO MId tlte .f.lU,BLE oUTrvT. i~ unused In the c'lI· tog'g,ll:' , 

" '-
J lilc ·(;.v.rr·.·C:Qn~tlltit [c.rm in the~09;9Ie function eQ~ ... tlqn of:;thc form 

. , ~. . . 
u.~cd i,; equal.lon (5-.1S), Ifor lhe.6~bllblnilry·co·unt~r used In the 7"97. 

'" tlii!.lcrm • .ould b,y uv..,xn,Sincc· thcEiIAIJi.EOU~PUT Is negative li~v~rtd) 
'. b. 

logic:, it Cil~ e~noe¢tdlr;'!=lly" t~ thencgiltlve I Cl.g.ie pin of tile UIIITY! 
I' -, ' . - . - .~ .... 

,s. 
tASCJillE;. i IIPUT. /fhus'· th~' l1lte;nill gill log d (-cu.i. try of the 7!! 97 c~",."letc Iy .: , . 

~ 

· ;~,~' ~-e~'t ~ ,t! ~ ._ ~,~,:t~ ('I.;;!) "A.(l~· .~~~ 1" "g' ::fun~·.t111;)C.·. 10' r. t ~ t· ... ,.( I~~' t.""" r~.1 :t,,(I'; 
, ~ ~., 

," •.. c •• ;: .',' : ..... ' . ." " 

'.~I t"''ig1c' r'l"c;t.ioncxpre~slons (S-Ilt)j'lnd (5-15) • TheY OUTPUT is 
• . ,J' • . . , '. .~I . ",' '::'" ", 

c.Onocclc4 to,anothcrT~1 red'.1KfHp~Jj~pto Jo(~, thc5a 1 QutpUt . 
.,' • "." • " 1 

" .,'. 

~ .' ," '..... - . , 

.Thepiog ... "_lng.l.nputslot~saltog91~funcUo:n ,;!>owever; afC derive.~ .' 
'.~~ ,1'. - /' -., ... , .:.-,. --',':"':/1" "':''',:.:~\:: '.~. -,' ",' _': .. "'" .', -~ 

frOOi the·s,,". t.operar:lol'I,·prov.ld(!dby.the6~bl tfulladde-r; .Thc i'c;ul t Ing. 
. , . ,,'- .. ," ' . -, ,,,,~ . ", ::. ."" .. ,.' . , ' 

# ,'., _ ,. • u. ~ \ .' . _. , •. 

'!I: Is cQnn~ 'to RATE,lNPUT F.', S ., E.:·8nd·so on: Th.c 6-blt·full 
._ - // .. ,:: ," , '. : :,"',': ,.," :.:::.~.,< .~,' ;~-.-, ... ' . :, -":'"0- .:.;; .:,' -"'''' _:. _,~' ~ ._ • : ,.', .. , ~'" :' 
ad.dert s~iopltIDC:ii.t~c1~yGa~ciA~l.!1g a 2-b.i't/lnda /f-blt,para 11:e I adcter, 

.': ,,', ,-•• ,".' 1,-"":-" • ',. -- '.'. ..- . _. . 

.:mkhareat~'~Il::Jfcults: - .' " "". :.~_< -c,_, .', .... -.." .. " .. , ." " " .. :"." _ "', ". 

',' '/TIUi~ ~bl~~,,,~bft·~d~~~'5c)ther: t~~~ti"Ord.ls!lOfma il{H I, ." 

. ~',~ ·~k~J~~t:~i~{pAt:q~rt~.:~efor.~al:Prhgr8.nrni!1g.· ..• ~I.ts Q~M.~·~:. 
• S.l nee .t~'.$~I!~.:lnput·lotOi(\ofthc.lICIder; I s.;1lOr~llyaU.J' s, ';iny' 001)-
· :- . ',:~ .:, ':',: . \- ':.:,,.:',.;_: ~:"'::~_':~~,;:;~;,:):. '.;:~'\' .. ~::.:, ,,<:.:;': .. ::;>-~~ ~-, .. :. ,'~~':.:':.' "'>.~:,- :'-',:': ':"\,';' _:.::,~> :'.:-'/,_," :'~":: ',' > " '-'; ..... >- <.)/ . :'<', . "- " "" ':::~;. . ,",r . 

. ', !~~~. scqli~~Y:.dd~e$sli~defwlll.~rciduee"ll: CA~R.·( PUT,e'1\I" l~ ,to; logip L . 
. --:. -'~. -.' ,-,,:.~,:, .. ,:>~,>,y: .-, ~::~'::~:~~,~:;.~>·~~,:,~~:~~?;i:~·_;}::!:·';:~·'~i"'?;~~;;:~:':~'\:.~"!'?i~:~::~'i'~f~~~i-~"+;'1;:'~~~";:,~~.~;;~"'";'''l''' .~. ":;,,," .... ,~ '~,:', " ,:' '" :,:-':' .'._ ' 
:nr 1JI ;, .' Ttieecldci'CM;IlYQUris. conneetedtotlle REsn:pi nsor:illT';"'" o· 

..... . ... -"-". . '-' -.- ",... . .. " ." .. ' . ;" ...... ~-,:.: ", - .. 

.•.•. out~~;.r~r~~~i~~~;~fthi1'o·~ot~:t':n;'7·r .. te~:t 1~ler.~.FO e'.". . .... 

-,-. .'. .:</::".'( :.',~,.': ~_-:::'~~". >'._~-"~ -.~: ",_.<. :,~:, ~-.. - ,.- 1ft .. : 
":. '-"~"'''--.''' .. :,~'':«': .... " ',- - -,,' . 

. :;::,:.~"~":;'~ ':",'~":.,\~,': '~". >'/ 'j';'j~C}j;-~'~·3~\\.~~\.:~;,.;~,·:.~;:0'!.;::C;)8)':'!J;':i~,.:,' 
c •. .:.," '.< ",'_ 

. \ 

I 

.', 
.-,". 

" . ',";-." -~: . 



• 
: p . 

I. 

",,~e"';;y'·"ddr!'H.of oil ~ros; the ailderCAR"Y P'Ul,wi)I ",Hsappcar. ,.nd 

t',e. r,,~,;ltI1\9tO will rc)cl""tlle C?ml?t'c,le :q"nt'rlli,or~ Thus '01.11 oU'lpul 

104' 
....-- ~ 

.. / .. ·;1 ip·flop~i"i 11 be forced III •. , ,whl,h c.orreSPO'ld~to a 7.Cri) sequencyi 
"," , .. 

;:r·(h1~.l~r,in;J input .. T.he reset C.ilPi\bi,1 ity Is al~o provldedbYlhc eitt'ern,,'I' . ~ . . 

. ,', .~ .' " - ~" 

.;"r,·r~tor.,wi.tlloO'i.t. returning 'lhe .~"qu·cn:cy"ddrcs:~ input to 2ero,· . . . . 

Thilnl/mbor ~r i:locl-.hiter'Vill scorrespooding' to on~ generator 
, '. ._ " '. ," I". . . .;-. 

c,eI" .is" 1.28 •. Thll. /lCllv~~ CIOC.kj'19, lra'nsllion is neg'iI.tive !loingandthe 
, ';, .. 

fir~l clock pulseof.ti;ecyclco,curs·~tthd lcrmil1ation of tttefirst 

interval., t ;·.of .. thccyc:le. lhe relation~hip'(fdoc:k .tlmlng tOrth~ start 

• 

T...., rijp~flujJsale vr~Y.iocdi.iJcidjli~n to 
";. . t" . 

tOo~e ·,u!:tco..Jo.r: the 

~uland l;.lt outputs. O!lc'ls.connected dlrecayto r...hc ~ICl~k tnp,utan'd 
:. ' . ' ~ ... " . 

" ~seful fO~ sYs~;;"~ync:hr~nitition.'. ··r·" 
. . 'Thc!nput'~~OC:kPJ~~~'feed5 t~~~tP~t nip/t"OPS di:rcctly, to 

~uypHes thl: sal 6Ii output., The otllcr '"flip-flop "",,S an assocla'tcd',ga'te 

~hi c~dcc9<lc~ .·thCl·.1as"t·'h,.r..c~~ar.in·the ·~yc~ c •• th~S~.~~"~utPut·s· ire 

l;1Oinlm,be thCdcllly:~~n ;~ctl"'C!:~ loh't ra~-~Itl~na~d .f1 na I'Wa I·ShrilJt~\Jt. ' . 
.- " .• - :', . - ',,'''.- .' '> ' .. -' -,.' .- ' .-.-.- -.-. - ' -,' . -' ' . .- - ..-', . 

.. ·It><J$ .• the,only ,C?rtiw)g~lht. erroF which , c"noc:~ur'J 5.dUC '" to· •• d,iffcrenc:es 

. , ·'I!)$~I~~~lngtl~.s:lIet~en.ttJ.a.e~·r~£s·\I~ed·f~r:~utP;~~f lirf I~~S>'" .'. . 

Thj::J nputc:1 ockplJl~a'I~'ln\le';tcdtci • aCcO~da~c'thepos Iflve. act I ve .. ;... . " 

;! .'~ ra·~;ttoJ;~'fit~·~I~~_~~t~~t.tl~llj~~'~$ .. C~OtK\'HPtrr.··~hc;eiore ; 'the 
-, ,., . 

" :" ,' .. >.: .- .- .' L; " to::, .. ,.:", _ I,",~;"',:":'/ ~ ',:- "i. '::' ::,':'::-':~,:, '_':'~':~ :",:'<" ~. ""-,,;,, >;~ -, ",' :':':; .- ,\_ ," ~. >,-":.;. : ':<~ ;: .. " 
." ,'. ·~!'~(~9"e.·, t~"t~ ~f ii<'Ja~~~,a:r,.~~e'~"tput;fllp~f '·opafter·.one . ,Inverter .. 

. . ~ '::. ",'- ~'{,:,:.:,:~-::':~:Z:.'~r:~r1i~:~~~·~,;:~.',,,::~~r' '<'r>lil::'~l',~~.~~::':~r.~':.~;~<~+~,~~_;,,~~:;,~;_:,~~~,.:j,·:':·~,.~:;i~~"r·,~~;.:· ;.:':,;~.,~_':~/,:,;,., ... :", . '" •. " .. ,.. '.",', _ .. ;, ",' ',: 
propilgatlo"dc,.y.,.(12.!ianO~~hd$)a~dolle,ClOCK, to~ cOtrrPUT'dc\ay ·of~· , ......... . 

. ,":':',' :/.\"> ,'~," ,_'.~ ~,':< ::';': :,'i"':;'" ~~>(~ },~~, ~~::,,:~\-:;~:::{. :~",:>.:.:,~.,':' ::':'~ :., ;:~:::_,';~ .<~,':"';": ::" '::. ~ ':~.':~ "-, ._~;.':" ;,' "', :":", :<.:;' '. . '", . ,',.: ": ."i'-. ".'. . ,-: ' 

'. theiblm.ry ,fate ;muli:lp(i~r .~-The latter:, delay 'Is til! ted as 20. nario:, " 
.:..:~.-, '- .• \.::-.... ', ..... " ~'::,---,.," .~,,\ •.•. ':; .. ,':.:, .. '.{ ... ' ",;:~~, "". . ,"" '.", ' .. :.". . ',' 

- - . ;": <~,~'::'.-'; .' , 
,< " ';~ ,:" ",."- -,'-" . -, ""'- , - ',', ",:-, 
'fr!' .../ . . . 

:~;.:.' ..•••. ,.:o ..• c.· .. :.:' .••. ':, •. ::;~.·.:": •.• ',.' .• ~ ..•. ~'_.,.:.": .. ,.;.'_" ••.•. :.:,;., .•. ;.'.:.'.,:,:.'.r ... ; . ",Ji, '<'K<\:<'" ':'.' ··.·.·s~i:~> ~. ,_ "': ".'.'.: .• '.:~ .• ::.:.';:.:"' .• :.~.'.,:.~;.~.;:.' .. '~.,~"' •.. ;,"'.'.::.' •..•.. ,.';,:.' .'.'.',' ;.:.: ;,::. ",:::'';,,''0; .-', -,:',", . " ,.' - ... ,",-, . • _ ('-'.:~.~:": •• >.'.,:.,';.:,~: ;,':'1, ..• :., ,~f-i..},"< <: :., "; "." -'<:.' '~~:' ',;,:":.' h~'~""",·,,- _ ~-:'_""{.';":'"" __ "_" 

'.,' . 
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"ii,;' CO!'rcsgol)<lS, 1.0. the 119":~Il~~cc;Olld M,I~y (couIHcr·fl ip-r"loj>'p.lu~ •. 

" .,;,1" d<;\;)y,»,.i I hjH~.)lciJ .in.f19ufc 5~11 •. ' Thus tlw liS I lr:ipll'.t:lc",tJlion . . 
• 

""! "the pr{.}CJ"rar.'l':..)bl~ \lfi.'l-:.h ~unctiOfl. 9c-~t;'ri.llo1" ,offers. (1' ,-~~hcc_d "impr9vcr::teflt . . ' 

.,', " •• 1.\ <IS 3"r"<!uctlt>n,j,, j>iIC\.;.l,("c.ount.ovcf PL<,v.ip'tls dt,siywL TIl" r' . . ,,- "., " , 
32 ~-~~lo~:"c,c?nd dt .... l.a)' • ...,s·svre~ s,ciu·rai.ir op.~r~\.io), :.~cll above 10 lncgJhCI!'tz 

. \. - ",, . 

• 
. '" .. 

$c.·Q\i1;ncy I"p~l,~' gener.., I . S 
.l~ '. ,"I..' 1M" . . 

\" ~ -'. . ' ~ 
The.use'of tht!.int.egf<)ted billauy.rolle multlpller'ls .·not restricted 

10 pr09r""'rbleW31~/1 functlongenerilio,r~ J?rwhlchthc s:c,qUCflC'I add:cs5 

h ""',iledya '6-bl't ,blni!ry'>.QJd·, Thesequcncy 'prOg'r::"'""ing ea,pabIIJ ly 

',C"'Y be "lncrc~!.cdI>Y ,eaSC.ildingsev'cral blnaryra,temul'tlplle~s, or. • 

.. 
. . . ~. i~~ 

genera to, • s [0 ,the 
. , . 

, prO:!lr .. ';";1"9~lnput$. 
,~ . '. . ... 

ca~cadrng$,,~er~lbl:pa~y: ;atcimult ip li~r5 i~ rcadlly ac,:omplJshcd 
" ~ 

" with the. COimllctiO'lsPrOvlded by the, Inte\lriltlldclreu.lt., Byrefer.rlng . 

. : ~" :': ;'toFl gur~'S-8'.~tbe7~97,ln'ternal cl re';'nry. It .,15 .seen 'that connIe t i ng . ,--" ," ':': '," -, ' ,-, .. ' . . - " . . .. ... 
. t!:lt! EHAB(E'O\)iI'UT,6f't;~nrs t74:97to'the E"ABlE.1 NPUT of the f9i low I ng 
: . .", - ,',."., .. _.~ ,". :" __ .. \;"',:",.," 0:.' ",.',,'., - ,' .. ~. ,~<'. " .. , .~. ".:., . 
onewpl'yl cl!SlI lZ;"bl,tsyochi'ooou5 blnar\y ciluntllr. . 'I'hc'Z O!JTPlJT,~f 

.• . ;t~s~concl7~97IS'broughtI!8Ck ,~~'the'Olllri/CA5-cAoi if/rUT, ofth~~ir5t,:, 
~ • .' • .", '", < '. ,", • • ' - " ',' - • .,,~ .' " • ".', .<0, '." •• ,'- _. ., '- ", • • 

7~91 • .whose YOIJTPUT: 'tlMin piovfde.s a. rate lIIul tl'pt'i'lIr, 9utput for a 
., _. : '-' .... ,. ,_:', _, " ,.:1,:, ',.. "",._ " , . ,",,', _, " . ' , , 

' .. , ,--~U~bJi~_l!>..e\lt ,_ .. i(.o~e ttI/Jnt,,;.Gi:lrclI,1 uare· to bec:ascadc.d.' a.mu ltl-, 
, .. ,",',"':' -. : ... "~-""'-'-'-~'- ~ ,,- ~ ,.' -: .... - .: .... :, . ,',,' .,' '" "., . 

. .'I!IJ:~Ul nl!glltlvh 'logIc, OR gat,c'wl tt h4ve to ~ provldlld extern,i1I, to the 
.. .,: " ~".'.< ~' ,'" :': <:'--~r .~'~I:'~:''':''':;~) .,':~:·;:.';"·:r:~':-~~"·:~,\.~_~~:""':;'-':·~):',';< <~:"'~':"'f':~ '~':~. . .. ~;~:, ":.': :";"'-,-:,:h' ',) , ,.~ ".~:{ ~i'I~~.< '_, ._',_ , :" _ !o, ',,' 

. , 7497' s .'.'QII sls>lIasl lvslli'PI ted ,by a IlAHD.gate.Theextllr~al :gatcl~"", • 

·"'r"';'~7.;\7"~;i;"j~;tt~PU' Tr' 'Y:'~didOM 1 • p',.,.~., 1 

• _,.'_ .,. 0 . 

'c' :-, .,;",' :-'.,,:; " "" ".;; ~_ ',,~':i':: ,.':: ~': >_'" _"~.'~ •. ;~,'.o.~: .. :"". :~., 
".,-"', .... , .. '. -"', ." .. -~.- ~ 

'. ,; ,'.:, .~;." ~v,.:; ," .- . 
. ; .. ,',,-';:.' '--'<':.:- ':,'~.~> .. '.,'';-' <:~:,: ," .. '-, :.:>-. 

-.;.;~~ .... -' -,,-,,'" ;'~.:;"-: ~,.,.~ .. ::::" 
, ... ;; . 

._-

• 

., .'. :-. 

'. ' 

'~', 

.. , .. ' . 

. ,.' 
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,. ,: I I .ldJcn; f.-•• ,y. be u;cd ((>. p:C'dOf" the S - op",r.at;"ol1 On the 12 or Ii'(),rc 

\" .. 
• 

.,.;;,. 

The'ri""'!>cr of Intc')rdlcd. c,ircuil~ i"cquir';d to i\C'cor9d~tc "r. 
Il~t,jl ;rqu':1vC'I input i!t'~llt..l;·sci-)fl';;·!t bilt.Jr~ ra~c·r:';tJ,lt·ip·'i(.'·rs··3 

,3-',1.'; ;"jd~-~~ 2 ,dual rliP-f'I.~P.~'. "nd"arc,,' 9alc~ .. ~hi~gCneril\~r .;UUld 

"'·",,·j<!c M, S ., ..... 212 ···'1",· •. "0,9$. " 
~~ t 

'1.<:' ,(,me inH"nec~ the .number of prc,gt",·y,,,lng '(,its 'l~aililbIC· • 
. t,~ ld~ th .. l,~ 6. "r,. S-bl't '~';qu"l1c)' 

. . , 

:<I' 3-1. ,s"ch ~a"es ''ricl:.! 'un S' " .. ," 
." -' . t"~lA·. 

arc OJ'ccorod<ltcd by this generator 

ce'"gl111nd llo 'clrcjJlt modific.;ltioo$ a,re' required. It Is or;ly r.cc~5.sMY. 
:* . ,. ''',' L,,' . 

'[c)' rd:091!1u .th.lt., for e!,atr.pl.e •. a sal 8 .Walshwavc in. OJ ,128il1t<:rv,,1 
" ",'. : ,": \. ,"\ .' ," , 

c)'i:leis c><ac,tly t,he 'Sl1nie a~ ·ihOconsecutl,vc sa,l~ Walsh WOlVe-;. oJ-lil' 
. . ~ '," ',.' 

• 
• '''' ... rv.ll <:y;l ...... 'J"l .. ~e'liltiqri ... hio: c.~n be ol.5erved. lnriourc ~-l 

-.' !."" " • 

·.for 'cycles: Of 16.S.-," ••. lnterval~. 
-'.,,' 

1'0 the .C350 o,f 4. S-bi t, 5cquenc.y 
, . .;. 

addrcss; thc51IlPu['blts' sho~id:be conll~tcd lOtf~· S !!lOst 'Si901fica~t 
. . ," . "". ,',' -,,' " ""') -... _":", . li' '. '. 

, oi t~.ofthe 9clr.er;ItOr'·5~"dress lnp~L' Thcunu.:;e~I'nplJf shc;uld be , ,". '. . ,'. . - , . or:. .', . 

wired lO •. Th;'s will' producecol'rec.t s..quellcY :prograll11li ngov~r a6~ 

)ntervalcycU,. The'~~l~-dlffercn,el~, 'the gener~torop~i';;t1on.:.\I~ th<,!t 
, .. ; '. . .. -~ . r '. . _, 

the end~of':cyclc nl!g wi 11 still occur' a~ the end' of Il8,doC:k.' PlIlsC'S or 
, ., "I ",.." ."., ' . ~ .' " ' 

tWo 64 lnte.r:vlfl cYcles;" For a·"~blt,·l';put ~rd.:the "most sig·n~fica"t· 
. -: ,', ': .. ,' -, . ',' .' .'-', " 

,~, : 

, 'lnpu~ c:oi'lOectlol\$ ;;r~ aMI the ,e.nd-:of-cyc\~ flag at t:~ end of each 

four.tn c-ycl~. The "s~,\~ '~~tP~~, I ~ Cqu rta'l~tt?:~ 1,32,10 the,S-hi t..· . .., 

cils~ •. ancf.~o~al~.~"~~!Mi ~-J:il't cue •.. ·.· HO·ci'rcu.itnOdlflcatlpns are .•. 
,'" i . "',;,,' .. ,.;,< 

, ". 
dcslg"'toanYnlllnberof:scqueliCy 'pr'ogr_rIl9bFt~:-ohly two pal.rs of 

. . .' ::.,': .... ',~:",.~. :".'~'" " '-- .. 
. ', . 
. . w. - . 

.", ,'. 

'. ,; .. 
.... . ._.-: .' , " . ~ 

':, ' 

," , .-

" 

. ". '. -.... ',. .. ;-.:-Q~ 
", .... 

, ;.:. 

. 00· 

, 
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. '.-"'. 

, , 
\ 

, 
, ,.-

• . ' I '<' 
" ~' ) 

,,' 
, . 

r ,/ , .. '. .. "' . 
.... , " 0 ; 

,. .... r .:. . 
~~"-('-';:,i!d(~~ !;intJ(,' r4,(;c.r~\~.1 [-.ipt,ic~"s .. )r·~.·l1cf:dCd to p.r'avidc'~'ll'\ s. of 

. . \ ,~~~ , 

., 
:>,:<:),.",,1: .)",h:fleil,;"q,ucnc.y ilddr('~~ Hi 1.,1 pro~idc "I1Y,c:los/iu sct of lIal'.h, • 

• '. r ' .. , 
" ,~\ 

. f .. ~:··,,~~;,Ol1'-" t:rf">tn.t..t'lng in lOHcr .~~x}r.rum.~cq~~ (2"91.], 1021, . ,-.J." 

" 

~~--··'~.1:J . 
, ''\.: '. 

l.rl!Y.)ii~h.(he ~IU'I?7 :'b~~' rfl C 'irlt>lc I"p'l i I,r i flte~rr'HN c'i rwit 

. .... . .• . . I. , 

iI:(lO!'lp\.ct~ ,1i"I!.h arr;,y is r(:'1uir~d· .• .,' '.' ..' ," .' . ... . . ' 
is"' 

., '. 

. 
d' 

,(·.",<:>~.My 0",'),>:0 provIde a ~epan~tu 7'19.7 to su;.plylhc lo~gl" fU'~Clion' 
.- "~,ir'~:~.' ,," .~ .. " 1 ~ ,.'Ii!", .. 

," ; • '\- <, 

(".r' r"ch\l"I~h o,ut'put, d,e.$1 rcd;,' The ,,'tcpr6grilC<'1lfrlg,ioputs;re.s'ir,lpl,Y.· . 
<:> D • ,. ..' • -: ~,,', _ " •• ', • .- ' '~ .. 

t;i,ill,-'t;lrc<i jfl',!h~ ;)p'pro?ri'u~e IO?ic !a ... te",·deriv<~d, Ina<;:cp danC:cHith,' 
,.". . r , .,) , 

II'" cU I ~~ out Ii.nedllbo~e-.,~ I nc:e II lithe lJa I !>h.out.put . . -,' ,-, : - . 
' . 

, ". 

CI"rlj:ac:ter:~s ti c:J .. ~~na,lde;'i:rll>ed. prev,ioUS Iy.: An. add it; ona.I-a~vant.1flc-, 
• '" " • ~ , • ,'. •• , • " ", -, ,: -. ','. • ... '.', " Q t 

of (hl~.~thod'oLilrray 9cfwration' ,~5tha~ ,!II. the,'Walsh ou'tyuts arc 

j" ne~r-ilf!rr~C\ ~r:tt-oOgU,nan~Yi ·,.t ;i:r~de~JvedfrOP;'~olltl)'" et~ I y i~<iepencr~n't:" r .. ' • .' .: . ," . ';' ." . ' .. ' .... . ..' ~ '" .. 
c.i rcu\ ~s.' (I. fa II ure, or an erroneou$ . count' In ,t'he stale-counter of the!.' ~ 

d~~i9n :s~ lli F}9Ur~' s-r; 'for··~~~p;'p::; ~ulj jec;ard;ze'all 'the 'W~fh' :.;/ 

oJ~PUl$;\whar,e.,r,.th~pr~s'en(d~~I~n.do~5 .not i~I'I~' a'~' .Indlvldllill'd~J;U.i t .' 'x<:: 
. . \... - . 'r,~':';'" ,~ .; ," -:.:-:'." . ,- .. j. ':.... . ..... ' /.;( " 

r.,.'"", •• ff .. ~ ,~";,'.'::":''''''/ ".' . '. • ..:/ . 

. S.. . ~~~:'!:':;;'~17~, .~,~L., ~(;;<~';.,.",.'ir{ 
"or"r~ri~1~'tOr-:rr~"5lsJo",'t,og LLi~~Jr,Y~tJ ~p~:einCntil~'ltm '~f .t~_g_~~,e~~a tOr 0 . ' _ '.;-' ::, .: /.'.~' .. ~' <:~ ,,":', ':.: /"., Q_:.,~:',,' . "', _',~_ ';': ::. ''',,~ .... ,,'_: ,:': .;.,' _ ': ":.: '.',' ,," : ", " " ' .. :' "', ,_d,_ ,~, ":~' .f:.,:.'" ""~ -<'I;';:'.' _. '~" :." _ ~'. _. ," 

desIgn"; ~ ." t.~s. tieenS);j)~:::r:/iatTn'de)flceso(f~r ,,9~I1,e.rat6r.oper~~ing·· .• ' .... , .. 

~:spe~d~ .• ,u~r4~o{_16~~a~;~zll~~~'ZI~u~orth090naihY e~ror5;of: ';j f cw,".· ..... . 
-.- .... :~."-,:-'<~'::"~ ... >.".,' '.,' -",:;"'" ; - . . -.,' , , -' ..... 't. 

-.. '. . , .~, " 

., I, ','C, .. ,.· 
~-~ ," -<-.-,,,', .~.:.".,>. 

. ', .. 

-/ '" " .-: 
.., 

';'," ';:":-,.' '? :~::".::' ,,~ .\;., \" .. ';'-~ 
',::. -", :,:i:, v'.>~ .. ' ... ;-., " .. 
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t~< (\ . . . ~. I • .~ ;." t'" I:' ~.> 
. :., ~ .. ~'. "',", •... / 
i· • "", • ;., 

r S.ii :"1, H I cihS~"fi? ~dlQ ttl<y' t 14'"pcd ';r;rl •• ~ .;;: ~'. :,: " ::.~ 

" 

.;. 

~-~-.. I' i'\.'ny· ci reo.i t"~~J9:~·c.otn;~ imi; I ci::c"t~d 'd'l rcc tHo I ~"'~chi;t~kY'· . 
• ~ ... ' ' ;.. ,".,. ,~ ••• ,' • ~ I .. _,\ .. :~ .. ' 

. ..... 

• 

":. 

, . 'i,TL~c '74S~ -:;5~r~ic~l,~,nd.;iiln, 'c&;pctVa r~.\l~~fl>!d iif~s~; ·tn ... ; t J i'{r 'I~p:" '. 
. ' , .. . , • , :'.! , - " '~ . .,"". '. '.I/,' ~. • 

I\<lucn(;y, froIll20r.ie9i1herU to lOP hcgahertz,and <1:It.hrec· 

, '~:~'UC~'I~~ 'j,n~a ~c~ro·p~9~. tl'~~:;~;~ <If.. 'Wh;'C ~n~i4~L·;..: 
~ .. ~ ,.,-: ... ',,':' ~, ",'."~\,. ',;'.' '" )~" .... : ... -:> . '-,,' .,".','," :::li.",.,,?_ ,"'"' 

'~crr.e$, cin;uits 'Il/)ViLbCCQllre'lltiilllab'lo in,,'$C:/:IotL,ky c16mp;ed ver~IQns., the" 
.,,' _". ~_;r".' ';,. \. " , .. ': .'., " .. ·,:t::~ ,~, ,_~, , .. ' . ', .. ",,"' ',':'.: 1", .., . - ":'_':~ .'_:,' \. \~ '. • :~<, < ',' : ',' :','. ,: , ':. 

.. 

" 

" 

... ', 

, ~. SC.hQ~(kY. C)'4~~.r.:it~m~nJPli:: •. )~7fr~~n:':'il~ ~.~;Y~~;~'app~ar,cd;, 

. T~S ther~'4lli prcs!,nLlr ,l.~Opti~'ns fQr 'illlprov~.n9·t~e .9~nerat?\ dC:iiJn ',~ 

'.T~ ~~~~ :~: ~.~~:: ~~f~~~":;:~:~d' :~01:~'tip·~w'~ ;~X~'r;~ar~';~ L· ... · . '._, ,": 
. ··~~i.l'C:;·lt\Ou~·qt~e~~t~Y e~~ell.tts'·Tri!n .. ~,~. 'Jl a9r;;m:~f. ·;·i~.ur~., '.', 

~ ..... ,.._:f9fl~:~~c.:~lose Iy,' eflAlI ;'~-t in9~~4,,-~,1 de" 'pu~5c·1.nver ter' 
. "f'-' "<11 .-~'" .' -'/ ••• " '. ", .... ,.', "~:.' ",'-. ~'--".'J.:'-'- .•.•. " 
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.. typic"I'dc'ay fromt'ocklng Inpltt ,to outP~l"of. only 5 nllnosccol1ds. , 
'n:~s ,;'hcdlf'ferel'lCe Il\swltd.I~9 ,lir:i¢5 bct"!Ccovariou,s d"~lces of the 

,,/,:,~' :" ",', " ,. .,' .. 

s',"';;{!ip-f'oPllf~sI9niflcanlly "cr.sthDn 'this, on Lhe order of • or 2 
.r· , \ '" '. . , 

" ~ilr,o~~tO';'d!>. '-ru,il tlon gcnerlllor 'thUS Ir;;t~cde~lcdfe.lturcs: 

b~l.rati~~ "~;'0~9i1hC!rl'i"iI" ei't:r~IYI.J\I~rtho90nal ; ty error of' 
.. ' • r- '.0:-" ", 

"c,:"""".",;) '(.,-", ~I"\Q ccond'!i und p..;nsc;omp'JrnciH of 1 clrcui I 

. ' 

, , 
. '. ' . . ~ 

, ,M(.I..i!/es. .' 
" ' 

~' .~. 

Interestil19 to ~te ,thats(,es~~ue'j~II.)~'S() .~eco9niz(!~: 
'the ildvantag'eof to.9g1e~pro9raimned(Vorbercl tun9sfunktillncn) fli p-f1,ops 

• ~ • " ~" " - •. " .':' - • " Q' 

for .~ ISh funGtion:'<1rf,!Ygel1~rlltlo"~:~C; 'Chose'. to imp. c~~~ his d~s i 9f 
for ~il.arraY'9~~~,rll~Or~ I~ /t)t~rolaE~L(~mrncrcoup;led logIC). The' , 

; ~ (tlra"'ll~ '-:lIS ilva lid ebOlcQfor':th';rastestIO!Tft-~l~e~t$ ava i • abl".,,,,' ,,' 

<ilthntllllC ~:'9~j,'but~~~wct~~r r~~~~ded 'hand-5Cledi~~ of' th/!, ~'-
• "',, " _" '"'..' " '. I " '." _. , 

, ,~,:/ ',' :, ... ~~. -' ~. " " 

output '{;I Ip-flC?P' ,t9, rCdI"e'theorthOgooiJl1ty error'to tess ,than.pJus, 
.'~ -,"" ' ", .' .:. ;;. , .. - . f . .' ".,,'~' .. ." .... 

, brjllihii5,IO""nOse~itd5:; ,'" " •• " ,:, . ,,' 
~, ,,::;-,..~ 

'l ,;' ", •• ". ,".' , . • ~""~" ' 
,,',"" .;. ," 

; "; .... ' , . ' ' {:".' '. 

'.,', -5,4;2, '~w..:::=:.:.,;.::::.:~ '.,' " ',',.. ,"";:"', J~: 
. "- ".-:;" ~: 

isriO:t, i~:;beC:o"~ t<!er~ 'whOre 'ml n i,IlI,URI orthogona Ilty , 
,"';::'~'_,,::;. __ ,~.l'-."'-":"';;:_:'.~ ' .. ,. _.'.::-.,,>,.: .......... -. "< " :., '-:' ::,,' 

, . / .. 

, ;',,, 

..... ' 

"oQullre_~tl. 'run" to 200. 

c'- ~,,; '." ",' • 

• ", -. 
Th'is,'" ,··t:·-. 

',. ' " '-,.... -'--....:.:.:~ 
.' ::.-
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( •• '.ll' 4 fOile progr.l_ingl'nputs. liS w~11 oilS cascading 

. ' . '. ,~ . 
. In<·,clore. lh~ dc-sign proc~dut(%dc,crlbcd In!'.el:.tlon 5.3..2 wUI be 

o'.cful·loexpand.A. gcnera,uH's selluencyprograrm-.!ng Cilp.)Cily, The (;"till . " .. ,' . .' . ' , . 

gener<llOr ci'rc:ul t' wtfu\ci require Qnly about )1"'iC:row~H of power at ' ,," . ". 

., .volts, , 

.' .... ' 
. , .. 

· 5. S '.", . 

• 
presen'lid In tM.s· chapter h 

• 
· .ro~ .. tjbli>(;'th l~·r-~qulre\'I!Cnt~ o'f the< Wahh Spe(.tr~i Analyzer,.ll· 
, '. . ,:.", I . . " , '" • ,. i . ' 

.·".p';.~ ... ldcs.du410utPut. of ortllogonai.warshpilirsD~,d .·i.he. scq~~nc:y of the 

· P<t1r'lS!l.etC!rlllhled,hYC!~tc;na IpJtraJ~ e'll n~uL Thege~cratclr' des ign 
. . ' . , ... ,...'.. , ' ' . '. . 

.. 
" 

. '; 

.. .' .', , ,\. '. ' ,'" -' '" "', .' . " : 
cull y' adaptj:d,. to-other. cO!lf Iguratlons, to i ncreD.s-e ·sequenc''1c:ap.tic:Jt Y·.· . 

, ' ' " . '. " ". .' '. '~, ~. 

1."Ut,,: ~u',.u~~i·lJu:~":,f~t ~~ __ ~ .• ·~l; . .:n •• , ,Tt~, ·.~,~.ri~ .... t'~~.L.i~tI:-'U?~J .;·fl.. tht: U'llit: :tei< 

, . 

r~u~c:.s only7 tnt~r;t'ed 'c'ircult ~ckoiges,' t~ o~wh ': are: .• 

"I>.tnary r81~ .• ult.lpllers.· ft. , 
/ .'~ '. . ... ,. .~ 

.:the generator a.bet fe4tUf'es. ex~ile?t" tlm"9, haracterlstic.Sj :the" 
\ " . - . 

. :$tcela~. fr~i1Oc~t~~t to,,~ishoJtPut'IS o,~c fll~7flOp s"ltchrn9tl;n.,.~ 
. " ",..... . .. ,' c' :'., '. , ",""' " . ' '.,,',,'... ..' 

.' .ami;';ot~~~l f~~irror\lsdue on1yto' ~IHer~~C:~s·~:n. 5"'.1 iChl n!J.tlmeS, .... 
': ", ':"'-:'~,~:--"~::/~'-",;:~,:,-~- ,>-~,~,-,-:::~:-",,,:,~:>,,.',,~~;~,,\,,.:>:,,.-,.:.,:.,"-:-":':.~:,:. <:<-".~,':: ''''',::' .,'> .. :.-.... :., .'.' .. " :,'<>:. ,:'::', ,-,'. / ' 
;bet~ .f1fp';f!Pps ;0 .. lIIJCij: thC.generator·t s· .. 11IIP1tlnente(/·.wltb· standa.r~· 

'-' __ ,',.,':1:'~><o~-:.·_,,': '_"Il-:~'<','_"'-;:, ___ ,::-',:"_'-,'_,:'"'' "."'.:'":,',_, -'.:: ',',,',." .,-',,::, ':.:',.> ... .-.. :,: ''' .. '' , ',,':': " 
. ··'TTL~I~ts;o~i'a;t~"·~~~:Weltabo ~io.tg~herh:aj.e poss'Ij,le~ 

-C.~.·~lt~:i~~I{~·~:~tr~;~~rit~;i.~~ 0.~7se~~S;'.By.~t~n9:: ...... '.' .' 
.' ·'s~rt~~5i~I~~':![~~~I~~u.ti~j:~~;~~~t' . ,s.pced Is .1. ric~~ased . to~O ", . 
"'~JIe'tz.a!l4:ort~naIJt.V ,or,r·.I$,·'.rfMIuced: to'; ;ai f ~ •. ,nII!IO~eConds; . ',';. " .. ,' .. 

'II -' , 

-'~ ... '.~,'~\; 
~e, 

-' 

: ',." , ' .. \ 

, ..... 

, "".'. '.:-' , .. ~. -, .; ... . . 
::,. ':'i"'-~ ",' .' • ~', . 
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.. SPtCTRAL'I\II~LVZ(R SYSTEM (JPEF~\T I all 

6'; I, Introducti'on 
4' 

. ' , . .' I' ,.,,' • 
~'Th(!,'four~jor sub~ys te~ 

.. I' ,\ o(~he. Wal!>h Sl',cctralAnlllyzcr ... ".- .', . have, 

,been' im';'S~nted' ind~~ll~ In I he precedt';9~Chapt(!r$ .,'Th~!>e S~y5~s.,te",s, 
'are 'th': TlmePeri()~ qe~C!rator-OlvI4~r f ','nput, Sarnpl tng Syst-em, ~~Isli 

fuAct ion CCl!,cr~to'ran~Jal,Ar i t'~ti c'Proc~550'r ••. ' A f i ~ th ~u~5y.S'tem 
. ~ . - "'-..' , '\. . ", . ' " '. . 1.5" 

. . . ' ",' \. ,'. , ..',..,. - \: '. .,. , 

presented 10 thl s. d.aptcr \whl chcolitbincs,thesys tern ,c1,o~k arid silmp! e ,rate .. . -. " . 
,,' . 

1 

'c ,geM(4i'tor cl rcuitry., ,Th I.s,' cl rcui t-ry· Is ,nOw rellOved f rom'lhe other 

SUb5y~tetlrS.tlllis:Sl~I;;y~n9 systc<aconlrol,md '01 imlnadng d';plicated 

'f,;;,'-:tlon<i: T~"ijli~yne", ~i at'~"m«:iw~re .. i Ill!' I ifled, 'il r~' ,presen ted here; 

" 

. "',:, 

'6:2" , ,-< '.' 
Ita te""~4=r~'to r; oCt.;l'(feltange ~e lect Ion 

, ,,-
. '.' 

c' 

. ". 

9l!eii;to U$e' alO megahertz., 
. " ... , ',l, '_ ""', ;', . 

1 nl)ut"rarige '(50 Hz - 5.0 "Hz) • 
". ." ~ " - I 

. "~ . 

. " 
, . 

. ' 
'. -~ 

,-' .. 



...• , , . 

, . .' 

", '; 

" . 
,. 

• )dddio-i.lIl c:ountllr-dlvr·der lind g.ltiogclrcuitrY: is rcqulr.:d. The' 

.co,.,~j"t'd d'iolgr<u'lls IlIu~tr~ted '10 Fi9ure 6~i·. This.dlagram /"s very 
. . " ' . 

. . ,' ',t-v.---~...:. 
si.<;,iJar. to lh.1l .. shOWn.ln .Flgurc·"-I::I$·-the SlIIllpllng Rate Generator .. .. , " -, .' 

;' 
Il2 

[.,tra outpl-IlSaod·eontrul 9atlnga:'lloW the t;1.r .. ''!it to Ser~?thc.entj~~: 

"""IYler! sYJ>.t.em; . ( . , 

'("5pe~llonof F 19urc :.6~ I, shoWs that undl v ldcd 10 '~9i1hcrtz 
. '., 'J • i' ' " 

, . . 
! 

r ""gci '!;c le"t loft input I S prC$COlcd- wfti, "Joglca I I.:'.' Til I s~.'p~r,i cu i <lr 'i 

'l"te a!sohaslInOther lopu\!which isco~jl!,C:.ted to tl\eresctillnc. Tbis\ 

~ystc'" do"ki!. avalh.bl cat~he. d.islgnll tcd outflut'1'en the proper. 

• 0 ~ . . ! 
. inh! bl. ts.the \0 n>C9ahert~sy~tt:'" Gloc"'out~u't~ wne:~eas di:Vi ~ed~ystem . i 

..•. \ 

I 
"..~ 'T~esel~i~d system cloCk. i~'a I so fecfto the: n'Xed~lv'de-br' \ 

.. ~~ ~,unUt' chain' whl.!:"· sUPPllc~ thesawling .r~teoutP~~ .\J'UI~e- . .' 

'SMpll\gClrcults proil1de alOOriilnosecond pulse fore~chIOO~ system" 

'CI9tkpill~CS~lidao~S~;p~~;c '~ha~:~~;~dl:ld;r Ci·;~Uit~. a relitilkeV'Oilt 
t. : ' . ' • -,>. . , ,'C"'. ., 

of .re~et~;' .. ~ 

. ..... .. ~ ..... : ... 0.~t~.~JI:~at:I.~f~.5: •. :h~·.~8t!9.I~ .;~.rc~e9~na':$: "~0Jt~ I t~er \·~he.s~~.~. 
. .Co:unt.r.}l\t~~tiArl tIDed c:Pro.~s.»(or. t~.t~ .. l nput~s~ Ii' Og.. . • ' . 

. ~~,.,~~~·t~~cf~!e"l~,\~~·the:~~~srl~PU~..:it;·cal~rateicY.c~e:\\~.~e 

.. 

" 

. " 

. " 

'. " • "I,.: 
i:. '. 

, 

'(t~ 'fcit low ~1r.4~d.f.te5ucc:CS!5tc)ii •. alft~.coullt~·r';dl.vidcrs· ca~ 'be 

. ". ·qu.;~~.~~;r:~~~~;;~~'~i~~":e;~,()t:.·.~~/l~~~,UAf~tm··.Pe~IOd': .••••.......... :.1' •. \:-~ .. ~~.:;~ ... 
.. ..'" >.:: •. : •. .'. .. . - ;... .'.\ ., '. .... :,~:./.\~;:,~.: "'::." '7~>' 

\ . -, :-:;. ,,' .~. '. , ;" . '.: --:, \. 

~:':':;':"~~:':";,:;,J."' ... ==''::.? .:, .. . " .' \ .. , . 
... ~_'.-':_:_".,:,-.,~:,.';",' .. ,'::':".::-.-./,--_:;' :'~':, __ -" ';-'::-" _;,::~_.<-:J,'\·f'~-,::" ,'_~ ,,::,,:1,-:,:,<, ,,:,: .. _ ' __ ,: _.,' .... ~:: ',',.'" 

~,'.'.':s"i[ii9;;.$yitcmto,lKtus~liitbC5Pec:traL.aoal'Y;zer-·· ..... 

. ' o' .. ··· .. : •. ·h·.··11;1 ~~it~i~i·1~~l~{i.~~~'~~~~F',:~~;J;';~;~~~;;f~~~~.lb~t~'fJ'fl~f~i'.··· •• ·;···.: 
.. )-3 .. nd:3-a;.~;J .. ~d~de:.dl~Jders are o.ltted~ ~ever •. ·bei:.au5e the . 

',J~;~l~Jtii[~~C;~~:~:i,jjf~¥fW't{~:;~;" , ••. 4. 
'-.';";>: ,,-:,,::-:" ;:"<-::" . co,' . ,i. -". 

..... :6.3. 

, .' 

: •. < 

,,: .. '. 

.. . . '. 

:. " 
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-,'-
'" '". 
'c, 

;" ',,-' 

• 
, 

; . ' .. ,."'" , 

, 
~.' . 
'I' .'," 

-' -' :'.' 

,;)~., 
--;':":,, 

, , 

,,> I 

.-; . 
. ~.-."" 

-" ,.'. 

!:1 
~' 

,-.' 

, 
f·-.• 

, ' 

, 

1',-

'1 /' 

<-;-,.; , 

.. 

, _ ' " ,,:1 

11~g "Raie,Slgnal) " ' 

'Four Dec,'de, Ranges, -': , 
", 

'.:. , .... ._0-

" ".~. .' >', -. ,-

1 
'-,-.' 

" 

"An",.1 0; U~ . 
, , , 

Co"",., r~ to r 

. ... 

S.)~~·t ~ 

S i 9" 
Outp"t 

'-? ,l-\' .-. 

"Sa";' 1 e­
Hold • 

I~dule 

• 

" 

. , 
Hi 

c 

AlO, ,PreG 1 slon 

Rcct ifler 
- ~. '. 

~duic 

Conver: ter' 
'" '-I-~-I 
l'odiJ 1 c, 

, (eco 
'OutPut~ 

" 

_ .;r6 . 

I:.PUT I --QI' 

CLR 

RC, ., ',1 1-, 
C. , -,1 

IlIP UT i;· ~.2 

.. ~ .. 

R2C2 _ 

, . ,'"".r ,cu'. ' ... 't-
'-'--___ C 2-' 

" 

.. ;.',..\--

.; .... 
.,;: .. " 

AID 

'.::-

"+-S volts 



., 
.' " 

. • \I S, 

': 
~cct itJn. 

~. 

'.I, . 

the ·dn.~lo9UC Input .buffcir, a~1 iflcr i.~9 .. in-adJu,tllbic ~O tlh1t 

" :the ll.h~ol":lte··N9n.flude,·t?f .t"'e··in~u.t'w~v~.forrn r:,ay be nor·;'''1.J.i'l~d·\-lith' 
. . '. ' , ,..',. 

· \ 
. ' 
. , 

'ft'we':l to lh~~j!l'id"zed' co~(f'lcle"t 6l!tpul. : Th~ huffer arr.plifi~r·h 
'\ . . " '. 

• 

; . ~. . ,". , . " . . 
f~d 10 the four low~pa~~. f.llters •. and.dlgl:tIIIIY-c·ontrolled:ahalog(l(! 

: ; .. " . ,-.I ' ,.' ••.•. ', . ' .' • • '.' 

!;~j t,hes ~(;I"ClJ""jhe..outi>ut lo.be roe.1surc.d. " A f Hth an" l,ague. ~,,!iICh • 
'/", " '- r,', ,-. ." " ': , .' ',-" " .: -. • :,' .' ." 

pNmi.ts .V'" tOw~P"~s Tl.llers.to bti. bypas!lcd. w~en" anlll yzi ~g'ln I np'lit .. 

.I ... p ...... . ~,'::~ .. ~>'. " .' 
. . ,,' 

· . . 

". ...... . <,'.,' ~'. -,' -, .... . -' . '. . - .. 

.. ave-form of ~uf:fI.cl,milY ~nd~Hmit~dspe~,tr; Icon~~,:r}:anal~1ue 

's",i tch,':SlHC drlvc,!by the'same eon.tr.ol ~ i.nes whh:h sel<icllhc analyzer. 
'--, ... ' '., . ,\ . 

. ~istet'; CIOdt;lJ"dsf'9I';n9roll,t~.on Iy onlianal,99uc 5witchi.s in the 

.. ow· "'(ollte lit ~ventl!'IC.and ot~~.swheh Q.utpuH feedthe.samp I~-hol d 

.. ' 

· , 
.,:,' . 

f'loO~;'I,..: 
.. ',o' 

~nl'l~cted..in j>ai';IJe\"'·'lht:~~slI11PI~~MJ~ ~dul.ci$ an 

.. ' ,~na'IOguec~~to~:: ~hci 'CO!DP.1raIOr I!Iak~~,'th~ ~r'i'ty of t,1)e . input. 
.;. :. ,"-." ,','" -'~-~--'~.:.-.- . '-":"1"- .. :.: ".::"':;,"" ',' .. ' .' ' '. ''"- • 

". . .... _wlllleforill DYal.lable .wtoeir the s~le ~nd o.ccurs," A precisIon' reclifi er 
';",' ',:.-. '''':~',:--',:'''':~'>': ",:, <_ .... ,'. ,-"., ""':,,:.,,":-'" :" '"" '.:,::_"::""- ',: 
cl rc:ult JoHOW's: .thc's~le'"hoI4 modulci~l)lC:h'C"onverts·· t~1i .. J "put '!><avefo-:m .. 

_',":'_'I,-~"·_,·.":;',,,,""';·'·-"~::"" __ "','~' .,",,', ,",",: '. #'\". -:-:" 'eO, "-. ,,: , ..... 

: salllPl~SI(),,;i~I~iiar:"'VOl tllges:.TIW ('e'c~ifJ~r;may be9mlttc(l'J t. tile' 
.,." ," :.-'.'_'.'."-">"_'~<:"':,',,.:.'_"""._'-'-<'~_',:_,c,;'-"' __ <:,' .,', , .. -~._._,.;,.,.. ,:"'" 
. fo! Io",r~ NO. a)f\yert~i can ac~ePt· 1::1ar ,lIOl.t&ge5"o '.' 

'" ~": .~ . " ... ~.,,}~,~~~~t.~~di~'~,~~ ;~n~:~i; i~~'·~~r.C~·I;t~~~~~nodatesth~ ti~{.' ." ' .. 
. . , .. ;;de!It'fStr~~l.r~;1ir tbC;5it~III'9at\dCO"Ye"$IO!1oPerat[ons. .' . '.. '. .~. 

.J 

\. '.:.' 

. : ,-.c. " . 

th~ ilnal yzei'cOiltro" . 
<:;"\ .', 

""." ... ' 

'. ,"-," 

.. \-;' .. 
":~';";~ 



, 

.... '. 

: .... ' .. 
., . 

; .. , 
. 'J .... 

. . .. J 

TiI'1.,Per1oJ c.,mer.HoroDi" ide.r 
~.' 

, . .-

. , 

. . 
116 

, . 

T~iC 
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Time rt:rl(jd..t6eneril'lor~1>ivider .u~(!d: in thc' ~'nalyzcr'~Y'lcm is 
.' , . ..... ...... .. 

. 111I.,str·'l,\(id·~lnFI9ur('· 2.~8. Thi ~ c;i r'.'1i t . Cotr.;>rises o'l 

~uI>Sy~·t"tI";it.hcinly .,three Inpvts·and thre,' out;futs . ."Tho. sys~cm dv.;;k 

input b ·.c;onncc;ted '~Q til(! ·cir.cuHdc!>t:ri bed inSect ion' (,,2. The. r:'()de .-, . 
. :conlro.li~;>ut 'Se'lccl'sclther 'the p;,,.'iod: ~;"llsure~f1t' !lOde or ihe .. . \ ' . 
. j,ire,vil19"ncr'Qtc··,ot!c ... The rcset Input reset.s the cOunters .10 7.ero 

v •• . . /' . 
; .. ,'? ., 

"prior to ll. Meo'l$ur('!\cnt ·cycl<: •. ' . r:1 , . ~. '.' .. '.' 

, : n,.e ,~Y~i n!lc, ani!:,undcHa"gc, ou tpu,!.s .g·1 ite inti iC-'li on of e i I he r ' 
.' > '~'. ...., .. . , .' -; • :. . , 

. ..,. 

o'l 100 hi5;h or t~ 1m. system clock freguency,' respectively. When' c'itller 
• • 0 • • • 

. illdic~tionr;; ... C\'I 'Sterec1,thcil,nlllyzer. raniJe' seLcctidn-eontrol is. 
. ~, ' r"~dj us tcdfQ" ·ln~:angeop~rlltron;. 'tI1~ fi6~.0;.i~t·e;va; '.' output. provides" .. ' 

.~ '., . ", ,,",- .... ~. .'. ,- . ' ... ' .',', .. . -- .f . 

!',,'; "V·rv ...... <'lockl o~p.;" ses ~'C41i I'red . bylhc .'.1111 ~h·Funct. iC!nCc';era~ 
'. " " '. "': " '. .' 

,".1 f,thc.:ul()dc Control .. !.S'l)e Id .1 n tl)e "gene ratcq,os i tion .. r'c~ett il19 
'- . ',' ",'--:'--_',"~'", ,-" "-' ',", ,'~.>-,.-~, .. '.-:, ".",,:'-:.-',~~, ... '" '.",: 

,.Aile co\J!!tcrs·wl.llnat ·destr.oy ·the: .. d~tI~ 5 toi".6II,.in the' atches"Thu s, 

. rese;~i ng~'COOn:tCtS:41t the '~~d'ofeach ~~a~~:late cy~ I c~1 lows 't~, 
. :'" , .. " -. ;,' "-' ".:'",',', '-'. <': - .' '-.":-"." -"'. '-, 

.' ~' . .... . ';'" .' -. 
. Inte(v-i!l. ~I~~fpuls~s tOber~pe~ted~ct]y.jn ·eachjlJcccss~~e c.alculatc 

.cy~ic· (~~ ·Pu:iodlc . .,jnpui W<\vefor1M:.· ' •. ~ . '~::~i~( . ., 
" , ' '" : \r. " ' '.~ .. ;," 

; .. 
. . \.' 
--'<;'- ,i

c
">' :,:.,.',~ ".' '.,:-' ;'.' " ' •. : .. ,..: 
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the r<lr"r>'lhc~c',!> ,iJ~nO!"S, the ,.l091c I,'vd of th" inncl'ivc 
.",' " ..... / 

tl:: .. ~.·fi!l(") .. ,-

. . , 
Ttle' tlnlp.crio;!.l-.c;)sur(:."l~tH· crc.:h~ 4c,ri\'c~ its "~rt:irr" ~n(t 

, 

' .. tl};-I' ,or,trQI.·frQ~ thc··"tO t{l'!t) l~~:.J~~.It·ior\;;( ~ni-'Iogue C~H.:ptl"'rat()r .• 
,,' 

ihi~' tr~1r,~.·i·ti'?·n.it:ldic't)l~S ".:, ·P(}~t.ti,vc-,;j1Ig '~l.cro':'"'cro;J.:r-.in~f of the "';JVc.forlll . 

" '. ," t: . 
;.,ftcr T h..l.~ tJ.cc!l,dctc\·,r.~incd, t.h(~ $.)rri{~ si-9"ul: is 'u"~'cd 

" " . ----. 
i. 

to ini.ti:,lte the c.,I'CU]iit'c 'yclc.~ 
, , " ~ . 

c.I,,~I,rcc.l. ,The end' of the cdlculonc'cydc is ind,icatcd 
. . .0.. . .. 

" by' \ h~ 'oJ.)! ~h r'~'"ct ion ,;Ccrt"rator,'s cf)d~o{ -cy~ tc h"5 qutpu!. ' 
, ,-

. ", . I •. 

A:l.1JYZcr ,co'lltrol, Clln bc/J";rle'"""ted hy sp<:ci'al-Jl"rposc harQ>/,1rc, 
to. , " ' '.. . ',. .', 

~oof.s.j~t~·ng _oJ 'd ~~~.t .• ~-~oun~cr a'nd,gating circ;.uit".ry.or, by rntcrfacing to 

, -. 
operltc,O'under s~(t""arc co~trol'. th~$ 'prQv'iding on-I i<'le Va) sl1 s,pcc'cral . . .' 

" . , . 
.lna,r ys i s· ,for 'pcr ii:t'H,c W,JYc.form!... 

", '-(I ft~ i~~~ilss fllte,rs .in t,l>.e, Input Sar.-.pl ing System' a~e to be 

. " 
by"il .. ~ed .. :tlte IQw':po1SS filter range,~clector>.~ines must ,be disconnected 

. ~'" ". 
'from, the System Clod; range' sclec,ti,onloputs • ,. ;, 

, 

'. ,Su""",,ry "i, 
" 

" -! 

" m, 

" .,~ '-The l!IOdular apprp-:,ch to'~na.l)izer,SystClll: organization yields, an 
. f. ....:. _~; a . , , . ~ 

I nst'rWl'Cnt with five' bois I c; subsystems ~Oecade ,Ra"ge Swltchl09 System Clock 
.' "" 'j)' :. . • • • ::..'- •...•. . ~. • .. :', . 

,and',Sall'pllng 'Rtlte G~:I1erator. T,i-ri.e Pe ... lod'Gener;itor'~OiYidet. Input, 
. . . ." . .' " ',' t: ~ . 

}8mpli ';g, Sy~tl.m. IIilhhf'unc,t lori' liencrator .. and,Dua I Arrt~t I c Processor. 

" . . '. - '. "'. '. • 0 • 

System «!ntrol for period ,mea.surc;ment and calc\.'late 
'. . ~ . . ~ "',. 

r,escl,CO~tro'l~ l!ncr~two ~de,,~':)I;tr'OI;. f'ouri::ont~o' lines are require'! 

., 
~ycl cs Is Y i a. fi ye' 
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to .djust thllayst.'t Internal clockl"9 'frequentle, IS • one-of-four 

. ,electIon. rile sequ.ncyordef.~_fthe'outjlut W.lsh ~effic.ientsl~ . 

•• Ie"" ~' ..wty1ns binary co~ tOilc InPuts to the Wllsh Function 

~.r.tor ,equenc'ie:dd:j,lIlnput., The oU,tPU,t Walth coeffic.ie.t'~s ret.ln 

the lCO fo .... t of thliAlD ,con"',rt.r output. ~ S..-pl e Counter, stages 
, , 

'Iao ... loy;t~ ltD fo ... t.~,nd. readouto( thelrv,lues wlli provIde 

"tt .. _iur:_tofthe Period of the .n.logue'InputWlvefor";. .' .... 
. b-' c ' • , • 

A, I.bor.tory lIIOdel of the'Dlgltal Walsh Analyzer "as construct.ed ,and 

al,l r.I...,.~t,.:r ... t.rt' ofoper~tl"9 tpeed. tl .. lng ,ccur'~.( a~d tlo_Ing d~l~y " , , 

' ... r. verlfled:CO f.I .,~"I thin thlibound,rlest:fhlchhBve been dcr ived here. 
r :- -

"The .. 1 .nd cal cOefflcl.ntl produced In ,r.sponse , to known sine '!;Ive inputs 
, ,: '.' 'lit', ", 

/ 

'9reed"~tht_ca~,CUI ... tid velvel. ,Own.gto, tfle CQlllpactness of the Circuitry 

thll ptKtlcal,A1robl ... whlchJlO .... l1y.c~ny the ftllrlc.)tion and testing 
. "~. " 
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CONCLUSIOM 

"The DI,ltal "'Ish SlIKtral AMlyz.r achlev.1 It I level of" 

perfo,...,,:. by ~kl", ext .... I·,. UM of "~'_ Sui. I~tegratlon~l.; 
In'tegreted :clrcvh. "".IchhaY. r';"'tly *0'lIl anllable,' " '., 

-wallh coefflcl.nta of propr ....... nc., ar.produCeJ<~fter o~e cycle 
. ..," " . : 

-
, " 

of the InPut d,Nt,otIC. the perIod II knoWn, O¥.r' a four-decade range 

,of ~.005 Hz 'to 50 liz. The ralit. II_Ita r.f.r to tINt fllndi.nental frequency 
-' , 

c.-poe .... t of the InPutll,nel., There Ii no ,theoretical or practical low 
, " "'.' ,I " " " 

fr.qu....cy 1I.'t to the a"'tyz.r~1 Operation. 'Practical i Imi tat Ion; 
" . I -- /" ......:. . '. .. . • ". or 

IltpOlad by.", • .- flit""" ..-pH", and conversion modulc5 11mlt the ..t ..... '. . :.... . 
II!nalyzer'. ",U"",ate to lDkllobert~. For Input signals of known . i . . 

. . -.. . '- .. \. . . 
blriclvldtl? no ,r .. ter than 31,tl_ the funct..ntal frequency, the .. d_ 

" . .. . 
., . . - . . 

fundi'· '~ta • ..,. ... ,nc:r .. sed to ISQHz, 'mll~,stlllltNlUr:in9 the full 
.-' ........ e;.:~ . .-. ,,' ., 

)%Wel'" coel"c'.tl or 1..,ltftCy hal'llOl'ilC:I" Inthet:a,e or ,unknown 

11gnal-~ldt".' t"'''I .. ~iun~''.ntal frequcnc:Ylsred~ccd -to 50Hz, ' 

andfr .... ';y.lia.lClil.ld", .. prowlChidby a lOw-pell fllter:.· 
. I . _. . •• 

, n.'IQItJioherU .... 11'" rate allows 100, .1~rolllCOndS In whIch to 

, JH'OC."S ,the dl,'tlnct "ahHt'of each ...,1 •• 'A ci.,., .processor slmult~neou51y 
'_.,' " . . ", - .' .. 

. . . >;" '.,- . ''-', . . " . '." .' .' - . : . 
[ ca,., CU.'.t",,~.th ,~.~I.Iid", 'cal ',~Cft, tl, Mildlare nornal ized Wlth

J 
r.,peet CO tile IftPIIi.I,...lfundl I,n ',f~y. The c:oefflclcn~1 , 

ar., ., ~pt''''';;'' '.;t'" KD~;actloM 1 ,'.tuiedby~he A!oconV.'ter 
. . '-. '.-', '. -. . 
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• 
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" 
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VO·IVI;:<·, The' 100 "'icr 0 second sar.1pl in~ and p,roc,,~sin~l per'lod h rc~di Iy' 

co,.t?tiUc "i!h the ~eri.)I,ar·itlr,~tic techni.QUCSCloploycu·if, the ilr..iIYI.('r, 
) .-

:. ,i,';~Hicantl'( ~""rt"r,proccssin'1 period >/Oul.<1 necessit'.He faster logic 
" . 

is t-0. <kerc.;,,, t9"" AIO. con ... crt~r i"c50Iutio\",t,o rcla,,: the acquisition 
. ..' V\ - , 

CO'lHrair,t. ;. tr;ldc-o:.f tticre(orc ,,"':is!s bet",',,'cn' an·' .. hzer· Si)('c:J rd 

rc~olutlon of the measured ~ocfflcicnt.' 

the 

• Thc i\1l"lyzor des!;;n as de'5crlb"d require5,7C'digit~1 integr.atcd 
, 0 

I ·.circuit r"'C~,a,;c5 <lnd sevcral·analo(we and conversion modules. 1\11 of this' 

circuitry can easily 'fit on a 12" l>yl2" pri"ted ci'rcuit board, possibly 
/ 

"ith sJAicc a .... lll;,!:I" for. the 10 ;eg.::h!lrt:= systc::\,c'1ock,Jn:l v)\"cr' ~up .. l ies. 

Other \lido:l cooflgurat'ions.lrc.possiblc. depending on whether the analyzer 
/' . . 

" 

, . 
s i ru:c h: .... -p.l!.s filters wi th f I><"d cutoff f rcquend es .have been 

anU'ried, the use of tUn.lble loorp.lsS filters should be invcstigilted ",hen 

sulla.blc desl9ns: beeOf.1C available. 
.' . \ ' . 

Depending on the range over "hleh 

the ~toff frequency r.liJy !:ead'Justed,'an octave" as opposed 'to deeade­

ran~ln9 internal clock system migllt be dcslrcable. Additional !.paee· 
. . . . r . 

__ uld be saved if a single tunab!.e fllter,could replOlee th~ .exIsting 

~~rflxed fllt~'r'~:L 

Manlonal "uentlon !'hc)uld be 'given to analyzer design al ternatives 
. ' 

c:lploylng }~ power clrcultr.y • . -"---

Kany of the d I'~rta I logic funet ions nOH 
" ' 

used In tho 3Mlyzer arc ,presentlY b~eornlng avai'lable In low power CHOS:: 
. '.', , 

devlcost'anelt"e clrcult.modlflcul.ons to OIcc:omodate detail differences 
. , 

" 

.' 

~" 
f '. 
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'develop"ent Is the ilVidl"t>illty of linc~r clr~uit functions in CtIO:; 

devices. rurt~er inv~sti9ation will revoal whether all, of Ihe linear 

runClip~,l~ (fi.lterin~ .. '!iil~rlin9. AJ'.1. c.onvcr·tin~,) iJrc iJvilJLIl>Ic:-in·,pr{Jc.l~Ss-.' 
J • ' 

• One could then ,,,,i,,l. the fc,uiuil it)' of .) 
, , 

t"tally ir'tcnriltcd \:"I$h ''l!,.)I'yzcr., ,Such ,an inaru::;cn't ./Ovld have a vcry" 

1(>\,/ DO'.:ei' rcq'Ji,rcmcnt .:Hod \'/Ou111 be su I taDle for bil'uery .. OPCr.ilt ion' ,01\' 

, . . \ .. ' 
. -" 

r~tc t"\e:,'>Ctry.' ~ refinement \.()uld be the lise of il currcnt-Silv,ic,g 
"f, . {"_" .' 

,"st,lnd-hy'; r.ode for ill I cIrcuitry not needed Lct>:ccn saclpl ing or processing 

o,",riltions. ,This .lOuld further reduce po>ler consU::lptlon, "hen an~lyzirig 

very i"" frequency'signals. , ' , 
.r~uch of the ar .. 'llY2cr's cfficicn.t u~'c of (n5it~1 \':~un.!""rJrc is d~c ~ 

,to the sequency prcl.gril::-tnoal> \ i'l t y {e,'iture of th'e \:al sh Fun.c t ion Gencril tor.: 

llo-"cvc:r. the ClIlxlm"," rate at which the generator Is clocked is 9.6 
. r--__ _ 

, . -----

kilohertz ...... Icl) corresPonds to a b.lnd".Idth,llmlted Input si~al having 
, \' , ' 

a funda."'Cntal frcquencyof 150, Hz. The, genera'tor ~an al,so be, constructed 

.',Ith CHOS devl$:'cs. but applications requl.rlng Its'Plgh s:peed capability::" 

should also be Investigated. 'Standard TTL jmplementittlon offer,S clock 

rates aboVe IOate,gaherti .ilthan 'orthogonal I ty error of a few tens of 

nDl»Second:o, willie Schottky-Clamped TTL Impl'cmeritatl,on increases clock 
, ' 

nltes to welt aboVe SO'megahertz and reduces orthogona I-I ty error to a few 
, . 

nanOseconds. ,The cOlllblllatlon of sequency progi;OllIIIablllty., high 'speejl and' 

1~¥rthogonDllt-y error I"v-ftcs use o.fthe:U"lsh Function Cenerat()r. In _ 
";",- . . '" ., . 

S19~1 mUltl,plexors and waveform synthesizers operating well Into,the 

'megahertz region. 

" 

/ 

I 



~. ' 

" . 

• 

( I ) 

'! -,' 'i 

, ' 

, , 

'....'J .;- .':/. 
~ ~ .~~;':: • ., t:. ~t.. {; i (fA~~!;!~ ~~l~lL~-=,!.l.~ ,~\:n~]: t~'r r o,r I.le r i.?J ,i C . 
. ~_::.}_~,-(r' r'~f6J': ,/Lrn<J .. Iht~s.J~r t1CYi.)~ter Urll'w'cr~lly. ··ilolr;;11 ton. Ont;l'IO. 
r l I ..... f) . 
.... :~.'llA.l, '.~.I •. ;. ., . ' 

Sic~",·n.",.·Y..H.p t~,iilYI't n.o, "Oiqit:~l ~t)i~h-fo:Jrr,!r "'hl1'ysis'of 
P't-rin·J'ic ~1.lvc·(Qrr:,s." "E[E lr.)n\.·'oo In':ot('u,< f'nt;Jt iorl iJr.d nC,J'surc':" 
'.':::~t •• \:Col, I~\- Jt',lo"]-;:-:;;C~-:~i-~,{r;; pp.}«,--3il-;:-- '--, , 

. \h;r:,.;cn~. f~.H •• ;<~ijit~1"'~''';·JSh .. i·'C'lrlril;r·.t\r.l'1'(lcr ~or Pc/~~in:"," .. : 
.\..'.J'r'c(orr.:~. 1\. En'Q7Yt7b-!.o-i;-;-;\Cn:~t~7'r-u.n·rv<:1':-5-ft);·f Ih';;~~jl-lo~. ()ntar"i'o t 
. ,,"- I' . - V . . 
(,·}f).tc.;;., . i ;:09. .... 

Thi: ill Dat .. Ebo~; Te""s I"Hru",~"t's 'Inc" Dill las. Tex,h, 1:S73. 

l~j S'it't'"'~cn~.: ~:.H" •• ,',tl.nd r~itili. fL_'\, IIt'olh~h to fourier Series. Cor.ver.sicn," 
Prot:. 'S,,,?_ /,opl,. rif\:alsh tuner icn~. \Iashin'ltoo D.C .• P? 295-237. - , -.- '. --

{ (. J 

(3) 

[ 9} 

II oJ 

III J 

" 

(13J 

" 

Sc ~,:u~'( tz .•. H'~ ~ . '-of or~·.) lion. T r .010 ~~ iss' ion. 
,..,.c(;r<l'l·.d ... tI, ',i~ 'Uew :·'~·r~. I':J·';);~--

, , ., , 
Uhr.3n Jr., J.J., "'SI<1naIUiscri,/,,inolt.ioll Using OFT and D,!'r 
PrtOCes~irjq:' ('roc. 1~\tcrnaticn·tll Conferenc.e ~n CO~ft:'~ni.cati.ons.~ 
St!.,)ttlc.\·"shTn9t~n. Vol. II. 197J. pP-"Jj-=lto')T-T:.I' 

'Siemens. K.lf;,. 01<;1[,,1 \larsh-Fourier '.nalYlcr for Pcr'iodic 
V,~vefor",s, It.Enq~ Thcsis, Hcllastcr Univcrsity,irarnilton, Ontario, 
Cinad.3 .'1 :169. ' .. 
Sleoi>el1S, k.H •• !llqlt.,1 Walsh-four I'er ~=:c;:.;e;:;r:.; for Pcr ied ic 
\l,tllefor .. s, I1.En9' Thesis, I1c~stC;:::Unl , '1arnllton, Ontario, 
C.:Jnada, f969. 

8rdc.I:,l.,Oesignr'~<1 "l'th I1SI, Vol. ': Signetics Corp., 
Sunnyvale. California, 1970,pp.J-7 to 3-8. 

. .!r, 

Y.ohonen, T,., Plqlta"Circulh and Del/Ices, Prentice-Hall, Inc., 
EnglewoodCllfh, \lew J~rsey,J9]2 .- ". " . . 

: -. 
Khat, R., a~d Yue';,C.!: •• "\loils" Funcilon Cenerators/' Proc. 
,~~JL.,~alsh functions, paper presente~l1arch; 197q. 

I 

• 

,-



• 

(.111) 

(15) 
'. , 

(I~] 
/. '" .... 

,. 
rP. 117) 

'. (IS) 

. \ . '" 
, I 

128 

.. SI-.nl. 1l.1l •• Digital Wellh-fourler AMlxzer !E!.. Periodic 
Wavefonal. ".Eng. Theili. KcKaster Unlverllty •. Hamllton, Ontario •. 
Canada, '''9..' . , • r 

~. ! 

AhDed. Mi. Schreiber, H,H"l.Q.preltl,P,V,;."On !lotatlon Ind 
Definition of. Tenal lelated to ,a.Clau of COOIIpleteOrthogOnai 

. Funeuon, I,".!!!! Trani. on EIec:trCIIUqrlet Ie COOIIf)!t i.l!..!J..!i. 
V~I.~5. No .• 2, Kay 117),. pp.7S=8~. ,.':J .. ' . 

ttar'1lUthj ".F .,.' Tran_'nlon 8f Infonut Ion.!!! mhogona l. 
FlhlCttoftl, sprlnger-Ver~ag, ~. Vork.I§69., p. 75, , . 

Kltat, I., SI_,,·K;"., "A Hazar~ Free \/alshFunCtion 
Generator,"'IEtE Trani. on InstrUillentatlon'ancl Heasurement, 

'.Vol .• !-it-ZI, No~ I,F~. 197Z, pp.'80-3)~> - • .' . 

8eulleh, P.W.;'·"'hh Funetlon Gener:Uors fO~Hinjrnum 
Orthogon.lJty Error." IEEE Trans., on flectrOlllllgnetie Compatibility. 
Vol. EHC-IS. No •. ~. NoY-:J913, pp.""J77-180. . . . . 

Gaubatz. I).A., eftc! Illtal,·R." ,fA Progr_ble Walsh Function 
~!i!retor ~or Orthogonal Sequeney "-Irs," ~ ~~"~ . 

,Eleetr-srnetlc CC!!p!t1bl-lIty. Vol.EHC~16.No. 2, H.1Y 191". 
.' 

pp. 1)11-1)6. 
) 

(zo) ·ThenL Data Iook~Teul InltrUlllents lrie •• ; Dallas ,Texas. ----, \ -, . 
197) •. " .•. '. . ", ..•. ..' 

[ZIl I(Ohoi'len, T.·.· Ololtal circuits .riclDeYlc.s, ;Prentlc:c~lial1. Inc •• 
EnglMoOCid ClIffl, ~ Jeriay, 1972. . ,. . 

,. 

(22) 'er:_s. i., "SN7I1" IIMry Rat. KuitlpHer." .Appllcation 
. Report. 'CI-I1Z, Teu's Instr_ntslne •• Dallas. T~Jti>s, 1969.' . ' . . . . . .-' . ,; ~ ., ,. '. ' . 

. IZ31 , -11)~ DaUaa:ok, T;8M' In\tra.enUlne ••. Oallas. TexDS. 

. ,~: .. I,' ," ":. " ••. ' ~: l!f . ,," '." .. 
. ·ti~F-.o.lWtt.r, 'C., "DIe Er~ng 'Von ~hh Funktlon'"n." !!ll,-
. :~ 'Y', ."--~ ( Pllicatloni .kiu"na.I~ Vol. ~.~"Ol pp. ZOI~Z07. . 

,,; "(zSl~ Soll~ ~tat.;htaC ~'oi Serlo';;- COS/KG.S ~i!Jltal'lnte?rated 
- trr'cult.,iCA S011i"'State, SGlCNlp •• ,....,'J.rsey. Vol; S50-
'''20)1. i "J .p. ~'I ~ . .;". . '. .... . l . ' ..' . . 

. ) 

( , 
. '. . '" 

'. , 

• 

.~: ..... ; .. 
. , 

• 

• "r .' . . . 
. ,. \ . 


