
A new LS/ chip called an ana/og signa / processor allows analog-circuit 
design to be performed quick/y and efficient/y with J.l C deve/opment 
systems and high-Ieve/ software, t1...&,'o MONret«> 

Signal processor 'digitizes' 
analog design problems 

A speeialized mi eroprocessor brings pro).!:ram ­
mabi li ty, flexibilit)" and efficienc)' to <lnaloJ.!: s)'s tem 
design, Now analo).!: s)'s tems can be dcsiJ.!:ned and 
devcloped qu ickl)' and easil)' \'ia mirrorom putc r 
clevclopment s)'stems a nd hi).!:h-Ie\'cl applications 
software and hi).!:h-Ic\'el compi lers, With the "analo).!:" 
si).!:nal processor usin;! di;!il,,1 sa lllpl ed -data tech-

iques to implcment ana log functions, analog sys­
tems become much s mallcr and are able to maintai n 
j.!rcater stability with t ime and tempcrature \'ari­
ations. 

Th e heart of the diJ.!:ital samplerl-data s)'s lem, the 
digital processo r , e liminal es the neecl for con"e n­
tional analo~ compon cnls (op amps . transisto rs. 
precision resistor" capacitors , anel diodl'S) b)' im­
plementing in software the hardware de\'ices in 
\\'h ich the)' are normall)' emplo)'ed: filte rs, limiters, 
osei llators, modulators, and demodulator" In a li, 
then' are threc major :uh'anlilW's to J.!oing digital: 

• F II 'J'ibiliflJ, Modifirations and des i;!n illlpro\'e, 
mcnts rcquire simplc program changcs. Hard -w ircd 
fu nctions are implemented \\'ith flc , ihle soft\\'are, 
which means one analog signal processor can hc Llscd 
in thousands of applicatio ns, Funhermore , a pro­
j..{ralllmablc dc\'ice eliminales the risk associaled 
wilh custam ICs: in additian. programmabilily pcr­
mits producl impro\'cmcn ts withoul redcsig-ning 
printed-ci rcuit boards, 

• Re/Jf"(Jr!ucibilit!l. Particular analog-s ignal-pro­
cessar implemenlations are repeatable-for e,am­
pie, a breadboard \\'a\'eform !(cne rator desig ned to 
oscillale at a pa r ticular rrequenc)' \\' il l \\'o rk e,actl)' 
lhe same in production. Performance spcci ficalions 
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are no longe,' subj ect to component toleranees, Parts 
matchinJ.!: and circuit tu ning are eliminated, in­
stances of variable ci rcui t [)e,'for mance are red uced , 
and ci rcu it de).!:radal ion over lime due to intcraction 
OI" noise is minimizcd. 

• Eu"e IIfdesign, Suddenly, a hos t of development 
tnols lhat incrcase lh e effi cienc)' anel red uce th e 
dc\'elopment time for d i;!ila l des igns is available to 
50h'c analog des ign prob lems, Too l, incIud e h igh­
le"el applications co mpil c,'s, software s imulators, 
and assemblcrs, For c, ample, a na log fi lter per­
formance can be \'er ified withoul building prototype 
hardware, In fact, nothing need be built until the 
s)'stem has been simulated a nrl fou nd to be co mplete­
I)' funct iona!. 

LSI opens lhe door 

OiJ!:ital sam pled-data systems themselves have n't 
:dways heen 50 eas)' to desiJ.!:n, thouJ.!:h t he concept 
is si lllplc enough. There are !leven major elements 
(FiJ!:, 1), An in com ing s ignal ente rs an anti-a li as ing 
(lo\\'-pass) filter and is sampled by a sample-and-hold 
eireuit. Each acqu ired sample is then converted to 
a diJ.!:ital s i).!:nal a nel se nt lo the di).!: it.a l processor, 
which executes any nccessary pro~rammed func­
t iol1 s, Ne,t, the processed sam plcs a re conve,'ted 
back to an appro, imation or a n analol( siJ.!:na!. A 
smoothi ng filter ser ves to recover a co ntinuous 
signal. 

Unti l rece nU)', ho\\'e\'el' , hi).!:h impleme ntation 
cost, cons iderable s)'stem eo mpl ex ity, large size, a nd 
!'-;ubslantial powel' consumption have limited hard­
\\'a ,'e ap plieations severe ly, 'I' raelitionally, digital 
sa mpltd-elata systCJ11S have hee n rese l'ved for ap­
plicatio ns stress inJ.!: hiJ.!:h stabilit), anel accuracy over 
to:-;l . complcx ity. size. and Jlowcr consul11ption. 

Reeen t ach'a nces in l[lJ').!:e-scale inte).!: rat ion (LSI) 
and di).!:ital signal-processinJ.!: architecture make it 
possible to implement digital sa mpled -data s)'ste ms 
\\'ith jUsl a fe\V cOrllpo nents, Cost , eo mplexity, and 
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Analog signal processor 

power con"umption arc rcdu ccd scvcral arders af 
magnitude, a nd systcm s once "cquiring man,V 
printed-eircuit boards are eas il y constructed with a 
few ICs. Many of the elcments in Fig. 1 can be placed 
on a single LSI ch ip. 

While there are analog signal -processor ICs that 
involve only the digital processor, Intel's 2920 in­
corporates ali elements shown except lhe anti-alias­
ing fi lter and the reconstruction filter . The 2920 is 
housed in a 28-p in IC package and contains on -chip 
EPROM program storage, four mu ltiplexed input 
channels and sample-anel-holel circllits, a-d and doa 
circu itry, scratchpad memor)' , a 28-bit d igital proc­
essor. eight demllltiplcxcd olll pllt chann cls with 
sample-and-hold circllils . plus ali nccessar,V 
program-eounter and clock logic (Fil(. 2). Table llis ls 
the 2920's inst ruction set . 

Th e 2920 provides PLL AM detection 

A good examplc of an analog subsystem built 
with a 2920 i" the phase-Iocked-Ioop ampli tude­
modulation detector. Able lo multiplex input and 
output Iines, the 2920 call either be time-shared 

Analog 
input 

among sCl'cral d ifferent circu its 01' provide one 
circuit functioll wilh multill le inputs and outputs. 

PLL AM detcction may bc applied to ma lly dif­
ferent electron ic processing systems. Simple acquisi­
tion systems use the quadrature "Iock indicator" 
techniqlle to indicate whether a signal is present in 
a noisy envi ronment. Wh en more complex signal 
processinl( is involved- "ay, allhe outp ut of an audio 
receiver-lhe PLL may be lI sed at a tracking filIeI'. 
Then the output of the voltage-controlled oscillator 
(VCO) is proces"ed to determin e the frequency con­
tent of the audio signal, which may initiate further 
processing circui try. 

A" a PLL AM detector, th e 2920 loc ks to the AM 
sil(nal's carrier. This produces a VCO output with 
the same frequency as lhe AM carrier but no mod­
ulation envelope. Mu ltiplying this "in-phase" 
coherent reference s ignal (i n the phase detector) with 
the ampl itude-modulated input s ignal produces an 
output that indicates PLL sil(nal acquis ition (F ig. 3, 
top). 

Oesignin;: the PLL AM detector involves 
computer-aided network analysis. First, a macro-

Analog 

""'"'" 

1. A sampled·dal a system uslng digitai processlng contalns seven elements: a" antl-
811 8s lng flller lo band· llmll l he I npul slgnal and reduce sampllng dlslortion, a sample· 
and·hold Ihal relalns lha sa mpled data long enough for processlng , an a·d converter 
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Ihal ge ne rates a digital word lo represent each 8nalog vollage levei held, a digitai 
processo r l o Implement lhe transferfunctlon under software conlrol , a d·a converter Ihat 
lurns digitai words back Inlo 8nalog voltages, a S8cond sa mple-and-ho ld Ihal removes 
ou1pu1 frequency dlatortion by resampllng the doa oulpul uslng very narrow pulses, ond 
a reconstructlon fIIler Ihol smooth s d·a wavoform s, produclng a contlnuous an810g output . 
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2. Thls functlo nal block dlag ram of Inte l' s 2920 onalog signal processor (run mode) shows 
Ihat lhe chlp co ntains ali lhe elemenl, of Flg. 1 exceptthe antl -a llasing fllter and l he 
reconslructlon flller. 



Table 1. The 2920lnstructlon set 

Digitai Instructlons Operatlons 

ADD (A ' 2") + B B 
SU B B - (A " 2") B 
LDA (A x 2") B 
XOR (A x 2") 0 B B 
AND (A " 2") • B B 
ABS I (A " 2') 1 B 
ABA I (A v 2' ) 1 + B B 
UM Sig n (A) - ± F.S. B 
ADD CND( (A " 2 .... ) + B B IFF DAR(K) = 1 

B B IFF DAR(K) = O 
SUB CND( B - (A X 2') B & CY- DAR(K) IFF CY, :: 1 

B + (A " 2') B & CY - DAR(K) IFF CY .. :: O 
LDA CND( (A " 2') B IFF DAR(K) = 1 

B B IFF DAR(K) = O 
ABA CND( (A . 2' ) + B B 
XOR CND( (A '. 2') <1) B B 

Analog In.truetlons 
IN(K) 
OUT(K) 

Signal sample from input channel K 
D·a to output channel K 

CVTS Determine sign bit 
CVT(K) Perform a·d 00 bit K 
EOP 
NOP 

Reset program counter to zero 
No operation 

CND(K) 
CNDS 

Select bit K for conditional instruct ions 
Select sign bit for conditional in~truc tion s 

model of the circui t is ge nerated and a na lyzed IIs ing 
th e NET-2 co mputer-analys is eode (Fig. 3, bollom).' 
Onl y af ter sueh anal)'sis is the de(eelor implemented 
on th e 2920. Implemcnta t ion is full). s imulated on 
a microcom puter developmcnt s)'stem prior to pro­
grammin" lhe 2920. A har'd\\' a rc eheekout ma tehes 
the res ults prcdicted b)' NET-2 macromodcl anal)'s is 
surpr i s in~I)' \\'cll (Fig. 4) .' 

Us ing lhe 2920's a-d com'c rs ion po\\' er. 8-bit multi­
pll' , algor it hm process ing. a nd digita l output, th c 
PLL AM detector is real ized in a single chip. What's 
more , by us inJ( Intel's 2920 s im ulator to help tcst 2920 
implemenlations, an)' para meler of the PLL AM 
detec tor ca n be \' ie\\'ed \\'hil e it is operating. 

Functlonal blocks simplify design problems 

One of th c most allractivc and po\\'er'ful fcatures 
of building lhe PLL AM detector \\'ith a 2920 is the 
abil ity to vic\\' lhe design problem in fun ct iona l 
blocks and dC"elop the code in funct ion modules. 
These mod ules can be tested separalely and th en 
integrated seq uentiall y to achieve the ovemll sub­
sl'stem. Arter th e code is assembled, debuggcd . a nd 
s imul ated in modula r formo it is th en comprcsscd, 
exploiting th e 2920's abili ty to proccss an a log a nd 
digita l instru cl ions s imullanco usl)' . 

The functions to be realized are limiters. mixers, 
fil te rs . a nd VCOs (F ig. 4). Each pa rt of the block­
model im plcmental ion is tested sepa ratel)', lhen 
modi fi ed. and finall)' "glued together" to achie\e a 
workin" PLL. Sample-rate constra ints for lhc 2920's 

192-step program are overcomc by us ing two PLLs 
cascaded together. This yield s twice the or iginal 
sample rate, so high -frequency information can be 
processed. 

After a-d convers ion, the signa l a mplitude is 
li mited to a specific plus OI' mi nus value. For normal 
in put leveis, a slightly clipped output results. As the 
input ampli tude increases, the clipped output ap­
proximates a square wave. 

The limiter checks the in put to determine if it is 
positive or negat ive. Negative in put s ignals are 
limited, pos itive input signals are passed. The 
absolute limit value is either added OI' subtracted. 
These conditional checks on the input signal's sign 
"bit" make the limit fu nction powerfu l and fl exible. 

Digital implementation of an analog mixer simply 
requires that two s ignals be combined \Vith an 8-bit 
mul t iplication. Th~ 2920 can providc the necessary 
8-b it multiplication because it features 8-bit mul t iply 
code. Details about this multiply code are found in 
the Intel 2920 Assembly L,,,,guage Manual. 

The digital fil ters (e.g. ,loop filter) required for the 
P LL a nd quad ratu re-dctector portions of th e PLL 
AM detector can be easi ly ach ieved with the 2920 
because code can be developed from the s-plane 
representation of the filter. OI', one of In tel's many 
development tools specifically made for digital filter 
design can be used . 

The longhand method for des igning the PLL filters 
involves a few simple mathematical steps Wig. 5, 
top). After determining lhe s-plane equation of each 
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Analog signal processor 

fi lter, the bilinear transform is use" to calc ulatc the 
normalizcd z-p lane equation. This z-plane cquation 
provides coefficient values useful in the d i,dtal re­
al ization of the filters. When the normalized z­
transform has been developed and expressed in 
binary numbers, a filter ca n be coded using J.(eneral 
digital realizat ion derived from the In te l asscm hlCl'"s 
realization of poles and zeros (Fig. 5, VUltOIll). 

The VCO consists of a sa\Vtooth \Vaveform gener­
ator \Vhose frequenc)' is controlled by a "ariable 
ramp inpu t (Fig. 6) . To vary the ramp, the fillered 
error voltage from the loop fil ler is integrated and 
summed with a constant "oltage representing the 
free-running VCO frequency. The sa"'tooth's 
variable-frequenc)' output is converted into sine and 
cosine functions . The sine function is approximated 
as a clipped triangle, \Vhile the cosine function is a 
90o -shifted square "'ave. 

Matlng lhe modules 

The functi on modules are combined using the 
macromodel approach. (Incidentally, this computeI' 
modeling technique ",as developed to simulate rcs 
from inform a tion in vendor specification sheets. 
Though this PLL macromodel is fashioned after the 
565's device specifications, it is a general model and 
applies to "irtuall)' ali currently available devices.) 

The PLL macromodel description specifies the de 
performance (Ioop gain) of the phase detector 
(1<1') and VCO {K"J, and defines the extel'l1al discrete 
components ( res is tors and capac itors) representing 
the loop filter. Transient analys is eslabl ishes the 

3. When 8 PLl AM detector Is bullt around lhe 2920, lock 
Indlcatlon II provlded by multlplylng an " In-pha se" coherent 
reference slgn al (VCO co slne oulpul) wllh lhe amplltude­
modulated topu! I Ig081 (top). Actual dealgn Involves 
computar-alded nelwork analysls lhet genarates a 
macromodel 01 lhe clrcult (bonam). T rlangle ay mbols wlth 
numbers are ta ai palnts: trlangle symbols wlth slngle leUers 
show where externai test parameters are applled; and ali 
multlple·lettertrlangles Idenllfy 1/0 IInes. 
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PLL's acquisit ion and track characteristics, which 
are governed by the loup-fil tc r componen ts belween 
the phasc detector and VCO. Key dynamie character­
istics inc1udc capture ran!(e {wJ , lock ra nge {wcJ, and 
damping facto r (õ). 

Each seetion of the PLL is mode led and evaluated 
with the [n tel s imulator. The macromodeling ap­
proach makcs it eas,' to chec k code functionality and 
to modify the original design so that the modules 
work togelher. To realize lhe PLL with the 2920, a 
cen ter frequency of 5 kHz with a lock range of 
approximate ly ± 3 kHz is needed. Two loops, 
cascaded togelher, produce a sample rate that al10ws 
frequency processing at the high end of the lock 
I'3nge. 

At this point, the des igner's software skil1 becomes 
an impol·tant factor. When first combined and tested 
as a PLL a nd quadrature detector, the code repre­
senting a l1 the function modules does not operate in 
the frequency range desired. Modular code alone does 
nol use the 2920's abi li ty to process discrete analog 
and digital functions si mu ltaneously. 

Cede compresslon removes Inefficlencles 

The des ired operating-frequency ra nge is obtai ned 
by compressing and selective ly doubling the sample 
ra te of al1 functions. Using a top-down sequential 
approach, the PLL A M detectol' requires 140 lines 
of code lO operate from 2 to 8 kHz. But a 2920 chip 
(13-kHz sampling rate nominal) can on ly achieve a 
max im um 17-kHz sam pling rate, li ttle more than 
t\Vice th e highest freq uency of interest. Therefore, 

1- Llmlter Mrxer 
loop -hlter 

! 
Sine Vottage -con!rolled 

I oscillalor 

- Llmrter Mixar 
loop 
littar -

Slne VO"'g. f--
controlled 
osciUator 

j Cosine 

-j Mlxer ",,, ~ I 
hlter 

4. Implemented In hardware , the phase·locked loop wlth a 
lock Indlcator matches lhe results predlcted by the 
macromodelanalysls In Flg. 3 surprlslngly well. Sample·rate 
constralnts lor l he'2920's 192·step program are overcome by 
uslngtwo PLLs ca8caded together. 



the modular code is cO lll pressed b)' paralleli nl( an)" 
constant generation with signal input operation, and 
analog output operations are paralleled with digital 
calculations (Fig, 7), 

Doubling the modul es requiring a higher sampling 
rate produces a syslern ",ith two rates, The PLL 
operates at a sampling rate of 26 kHz anel the 
quadrature detector operates at 13 kHz, The opera­
tional PLL AM detector, implernented with the 2920, 
uses 190 lines of code running at a lmost double lhe 
nominal sampling rate, 

Since the VCO and the loop-fi lter designs depend 
on sample rale, and lhe)' appear twice, the sample 
rate used to design them is twice the sample I'a te 
of one program passo The lock filter is des igned for 
a 13-kHz sample rale, and the loop fill el's a nd VCOs 
are designed for 26 kHz. The loops are cascaded so 
thal the VCO oulput of lhe first loop is mixed with 
lhe inpul s ignal to the second loop. 

It follo"'s that the VCO output for the second loop 
should be mixed with the input for the first loop. 
The cosine value being mixed with the input of the 
first loop input is taken from the seco nd VCO. (The 
lock indicalor ",ill opera le unchanged if the opposite 
VCO and input locp lines are used to generate the 
lock indi cator,) Table 2 presents a soul'ce-code listing 
for the PLL AM detector. 

Erra r, lock, capture, clock 

The VCO signal is mixed with lhe input s ignal to 
produce an error voltage, which is added to the 
constant vollage that drh'es the VCO sawtooth 
generalor , If the sum vollage and conslant vollage 
are equal, the VCO sta)"s at its free-running fr equen­
cy, For instance, whe n there is no inpu t signal , the 
error \'ollage coming out of the loop filter ",ill be 
approximately zero. 

Also, if lhe VCO and input signals diffrr toa 
I.(reatl)· in phase (fl'equencyl, then the inlewated 
error \'oltage at the filter oulpul ",ill again De ncal' 
zero, But \Vhen the input frequenc)' enters the 
capture I'ange of the loop , the erro I' voltage de\'eloped 
causes the VCO frequenc)' to increase or decl'easc 
(as necessar)" ) to malch the inpul frequenc)". Depend­
in!( on lhe direclion thal the in pul signal is s"'eeping, 
the phase-Iocked laop exhibils both a lock I'an!(e and 
a capture range (Fig. 8). 

When th e input signal and \TO signal are in phase, 
thc input signal and cosine signa l are 90° oUl-ol'­
phase, and the lock filter's output \'oltage I'eaches 
an absolute maximum. B)' monitoring this lock 
s ignal, the qua li t)' af lock can be determinerl. In F ig. 
9, a "clean lock" is indicated as the VCO lracks eithcl' 
a sweep up or a s\\'eep down in freQuenc~l . 

These tests, \Vhen run aI a 100-kHz/s sweep ra te, 
sweep inK from 9 kHz lO 1 kJ Iz (and back), g ive a 

~ R.+ +.- ~ V, . 1 = 1/. 
R,-A, ... cs 

V. 11) FUC, + 1 
FII'::: V,(.,- (A, + Rdes + 1 

3.JX10" S - 1 
FIs) :::: 1.518x l0-4s'" 

1/, R, 

,7. 1 
OOl3pF I c 

FI') = (0 .30517566)2 - 0.08070350 
I .,.. ( 0.77544117) (normalizeo l -translorm) 

v. 

F,,) =. (O 3051157812):-0.0805664062 
z ... ( 0.7734315) (z-translorm In binary approxlmalion ) 

.. 
v, 

+}-----~-----6~--~+ 
v. 

Pole 

F(z ) =~=~ 
V. l. ... b, 

Zero 

5. The longhand deslgn lar o dlgltalloop fIIler lovolv8s 
determlnlng lhe s-plane equatlon for lhe fIIter and uslng lhe 
bilateral transform to calculate lhe normallzed z-plane 
equatlon (top). Thls provldes coefflclents used In developlng 
8 coded general digitai reallzatlon of lhe llIter (banam). 

Error 
voltage 

"""" -'.-

'. r. 

Square 
.~ .. 

cosine 

6. lhe PLl AM deleclor's VCO conta lns a sawtooth generator 
Ih at 15 frequency-controlled by a varlable-ramp Input voltage . 
The ramp 19 varled by erro r voltage from lhe loop fIIter, whlch 
la Inlegrated and summed wlth a constant voltage derlved 
Irom lhe VCO 'a tree-runnlng frequ e ncy. 

conti nuou s sweep paltern. The s\Veep rate is then 
increased to find the maximum I'ate the 2920 PLL 
can handle. At 1.0 MHz/s, the PLL still tracks the 
signal. lts response wi ll not break down unt il the 
sweep rate approaches 1.4 Mllz/s, 

Once the PLL is working pl'operly with a lO-MHz 
c1ock, some experim ents with var ious clock rates can 
be conducted and the effect on lock range notcd. A 
test of the loop at different clock I'ates di scloses that 
the lock range and VCO free-I'unning frequency will 
change pl'opol'tionally and predictably as the clock 
rate changes. Wilh a 5-M Hz cluck, the frec-running 
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Analog signal prOcessor 

frequency and the lock range are about half of Lhat 
observed at 10 MHz. 

The loop al50 tends to lock on multipl es of the f ree­
running VCO frequency. A bandpass 01' low-pass 
filter is needed on the input line to prevent this. 

Digital implementation allows t he loop filter's 
characteristics to be varied easily.' For example, a 
two-mode, se lf-adj usting, acquisition and t racking 
PLL may be created by modifying the original loop 
fil ter's coefficients to adjust loop gain,loop damping, 
and natural freq uency. New, conditional quality-of­
lock tests will a lso be needed. 

No d iscussio n of the PLL macromodel is complete 
without descr ibing its de characteristics' and dia­
gra mming th eir relations hip (Fig. 10). The phase­
detector gain factor (K D) is defined as the co nversion 
factor between the phase-detector output voltage, 
V ,( t), and the phase diffe"ence between in put and 
VCO s ignals. The value of Ko is represented by lhe 
combi ned li miter and mi xer functions in the 2920; 
K Dmu is si mul ated by the limi teI'. 

Pfogram Slep Oigual FUflChOfl 
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Loop lll1er 
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" Lock hlter 
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8-011 AIO 

8-bit mul!lply 

OUlpul s ine 

Oulpu! 
proporlionel 

S-blt mulhply 

8-bll AIO 

8-bit mulllply 

Output sme 

Outpul COSlr'Ie 

7. Cede compresslon allowl 8n810g operallons to be 
performed In parallel wlth digita i operatlons Inslde the 2920. 
81ank .pacas are purposely Inserted In the digitei software· 
functlonl colum" ao that lhe slmulta neous operatlons cen 
exchange Informatlon eHlclently whlle lhe progrem runa. 
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1-1 ~.----- Lock range ------1-I 
0.3 

02 

Volt.age 
,VI 

o., 

t---caPlure range~ 

° ° 2 3 • 8 

Frequency (kHz) 

8. The PLLexhlblts a lock range considerably wlderthan Its 
capture range. Thls means ance an loput slgnal hss bee n 
captured, lhe PLL remalns locked to II even If It drlfts oul 
01 lhe frequency range In whlch 11 was In ltl ally acqulred . 

Frequency 
rnarxer 

VII ----__ I 

i n~~~or-----

;' 
I Frequoncy 

~f 

9. Bench tests of lock--slgnal quallty show lhat 8 " clesn lock" 
Is obtalned 89 lhe VCO track9 a 1-kHzto 9-kHz swee p "up" 
(top) or a 9-kHz to 1-kHz 9weep " down" (bottom). In both 
cases, the sweep rate Is 100 kHzJs. 



Table 2. PLL AM detector source-code Iisting 
1915-1 1 ;>'1;'0 AssrMBLCA \,1 1 o 

AsstMBlEA INVQII.ED nv ... s~q~o FI IlOOf- 9 ltC ocnuc 
LHE LOC 08.)CC 1 SOVIlCE ST'\lrM[NI 

, , , 
• , 
• , 
• , 

' 0 

" ., ., 
" " ,. 
n 
,o ,. ,. .. ... 
" ,. ., ,. 
v 
.0 ... ,o ,. 
"" " ,. 
" ,. 
" lB ,. 
'0 

" .. ., .. ., 
•• 
07 
'0 
•• .. 
" " " " " .. 
" '" ,. .. ., ., ., 

o OOCb[F LU ... U"'k.~~O. INO 
J OOOOC r" U)'" AFC. V~. [N!") 
;> 00001'" " LOA 1.12. REC. [NO 
:) OOOO:M ~un \,I='. pcc. RO:'. lNO 

OOOOqC ADO V2, REC . R O~. INO 
~ OOOOFA sua 1/;> , REI:. PDe, WO 
b 4.0~F LOA YO.~PO . ROO 
7 b4ooo'" sua "'0 . REC 1104 , CVI!:; 
o 44 00A ... SUO \,IO.REC , IIOb 
q EDrb[~ AOO o ... q~~~.Aoo.r ND6 

10 -U OOOO suo 1.10. HEC . AO';! 
II 7:)004D suo YQ. REC.P Ll.CVT7 
/2 4COOl''''' LOA DEL. Vl. 1100 
13 42 19EF LOA YL. DEL. ROO 
1403188'" SUB YL . OEL.RO~.CYTb 
I ~ .~ IB"'''' !jUD YL,O[L . AO~ 
lo 42180U "'OD VL.DEL . ROq 
17 ~3108E LO ... YQ . OEL . ROb,CY15 
10 4 218DC " DO VQ. OCL. 1107 
,q 4218JO suo VO.DfL, PIO 
~ 4~q.CF L O. VV. ~P I .POO.CVT • 
2/ •• ~.OC AOO VV . ~PI.ROI 
~~ •• qAOC AOO VV.~PI ~O~ 

23 3~q2FF LOA P .KPO.POO.CV " 
~ •• or2(F LOA VN.kPO.ROO 
~~ C l cOEF LO A VN.VN.POO.C NU. 
;'b ;;!IOOEI' CVT :O 
:07 ClbOEF LDA VN.VN . ROO,C ND~ 
~ . OOOE" NllP 
2? I I DOE" c vr I 
30 C lbOCF LO. VN.VN pn~ . r NU~ 
:lI . 000eF NOP 
3~ OI OOCF CV I O 
33 .0b~DF LO. Y.OAP LOI 
:1 •• " b9( 7 AUS L. ~ 
:" " ECotJ::O suo L . KPI 
~ " E.2 •• SUO L . KPb , ~03 
37 " EC AFI' LOA l.~P' 
:m "CC;;!~C .00 i . I',Pb, ROJ 
3 ? '''(AOO AD~ l,KH7.LO I ,CNDS 
. 0 7bC2~ AOO 1 . ~Hh.AO;;!.C N09 
41 " 2b"rr L OA OAR.l 
• .., 74bBFF LO '" l, x, ROO, eN09 
__ , 4 Bto.EF LO'" OAR,~5 

"4 F1JBle Ano J'. l, AOI, CN07 
__ 5 E7JeJC AOO p , 1,Q02 , CNOb 
.h 07~0" AOO P 1,PO~.CNO, 

'" C7:l07C AOO P , 1.R04,CN0 4 
40 87JSqC AOO P . 1 . PO'.(N03 
4q A1~eBC AOO P . 1 , P Oo,CNO~ 
:I() Q7:J00( AOO p.l,R01 .C NOI 
51 B':JO'-C AOO P 1 , ROO. ( NDO 

:>U II I I l O l 
AOO 1' . 1 1-1 00. ( NO<"; 
OUf'i 
5VB l . l l OI- OVf;:> 
"'no ... 2.P . R02 . OUI:: 

LOOP rIL'FR FEEOO~CK 

LOOP I"TL 'fl'l 
F(EO FORl.lfllW 

LOC~ r l L TEA FECOBACK 

LOCK F IL TER 
FEEO FOAW"'RO 

LOA~ "'OLT ACE PROP 
TO FkEE AUIII r RE O 

• CLCA~ MULJ I PL I ERS 

L IMlT eR 

o DIT MUL 1I Pl..Y 
5 I N6I NPU1" /'Ij XER 

FINI514 LOOf' F I L TLR 

LINE LDC OO~ECT SOURCE S TA TCMCNT 
101 10b ""0000 
l OS 107 7,004n 
I O~ 100 " OJ02C 
1 10 IOY " 8100 e 
1 11 110 l810DC 
11 2 11 1 4010JO 
113 II O! "4~2F" 
114 113 ~:)YACF 

11' 1 14 ."~AOC 

I lb 11' " 4qAB( 
117 ll b "'ODEF 
11 6 111 40180F 
li" 11 0 4 QODcr 
I ~ Ilq 3100E" 
121 120 CF I OEF 
12:;> 12\ 4000EF 
12J 122 2100EF 
l;;l. 123 CF1OE.r 
12~ 1;>4 4000CF 
1:!6 12:1 IIOOEF 
127 126 CFlOEF 
1;?8 I;> ' "OOCEF 

su, 
'U, AOO 
MO AOO 
su, LOA 

110. fl EC. AOq 
VO,PEC. RII. CV 1 1 
Vlo \/N, R02 
"'0, VL , P06 
vo. Vlo R07. CVTb 
VO.VL.PIO 
P , ~PO .ROO 

"'DO W,~PI,ROI 
ioDO W,KPI,R05 
CV14 
LOA VO. VO, L02 
NO' 
CVT3 
lOA v .... W, ROO. CNO" ..... 
CV,;-
LOA V ... , W. ROO, (N04 

NO" 
CVlI 
LOA ... V, ...... , flOO , CNO. .... 

:' ~··~_'M·~O~O~'~O§OiEF~~~~~~~ ~TJ~ ~~~ :~:;~~ ~~~ ~:~R , OI 

1J2 I:U 4 EC AEO SUB L,~P7 

I J3 13" _'~E~C~.~'~A~5~U~':t.~.*,@,., 13" 13J " E(AFr A ~P7 

13' 1:1" AOO l .KPb,R03 
13b I J ' 14EADO ioDO l ,IV17.LO I .e tmS 
137 1:l6 7bE 23C " 00 Z, !'."b.RO~. CNOS 
I JO 137 4:!b4CF lOA OAA.L 
1:l9 139 7 4 bSF!'" LOA 1,1I;,ROO,CN05 

/' -:~:~?'-~:~l*:-;,:,,;.:~;ô;~;:li:"~--ii~A,. ;':'i:~· g~,C.'C~N",,", 
142 141 (73S3e ioDO P.Z,R02.CNOb 
t·:l 1 __ ;0 07J8" AOO p, 1, 1'103. CNO' 
1 4", 14 J C7J8 7C AOO P,l,R04, CND4 
14 ' 14 ~ D1JB~e AOO P.l,Ro"e 'J03 
1"0 14 ' "'7JBDe ioDO P , l.ROb.CNO::! 
147 \.b <1'1380C ioDO P.l,R07.CNOI 
1018 147 B73SFC AOO p. l ,poa.CNDO 
14'" 14U 066S0U 5UO 1 , ~.LOI.OUT:J 
150 149 70JSFO AoO p , l ,ROO,CN!}S 
I ~ I I ~O A.\OSJe AoO V2,P.Q03,OU T2 
1 ~2 1:1 1 M OB2( ioDO VO . ... 2,R02 .0Ul;> 
1::1' I'~ A40?bC ioDO VO,V2 , R04.0UI~ 
I '", 153 A40SCA suo VO.V2.R07.OU1 ~ 
1 :1' 15~ AoI OO. O AOO VO. V2 . R 11, OUT:=' 
15b 15' A610EO AOO V"' ,VQ, fl OO ,OUT:' 
I " 1 5b Ab l OOC ioDO vV ,VO. nOI , OVl~ 

"O 
15? 

'.0 
'.1 
16;:! ,., , .. ,., , .. ,., 
'.0 , .. 
''0 
'" ,,. ,,, 

I 51 " OOOEF 0lIl::­
l sa AOoO€r OUl2 
'~9 " OOCEf OUl ~ 

100 4S 4 CAr LO" DAR .VQ , L O? 
I b l ilOOOEF NOP 
I h::! 4 000Er NO!' 
I bJ 4000E'- NO" 
16~ ~OOOEr NOP 
Ib :l ~ OOOC" NOP 
166 400nE'- NOP 
I b7 OÚOOC! OU!:! 
I h O '10000- ou r I 
Ib? 9000(r OU I J 
170 '1OOOEI OUTl 
17 1 ?OOOE" OU11 
1 7:! ~OOOCF OU11 
1 7 3 ?OOOEr OU" I 

FINI 5 H LOCK F ILTEA 

• ( LEAl! MULT IPL IER 

lOtlD FREE RUN ... QL 1 ACE 
PAQf' TO FREO 

LI "ITEA 

o DI r I1ULlIPLV 
5 !t~.I NPUT~ LOOP "I _E R 

F INI SI~ LooP FlLTER 

FRONT ENO Or. 
SAIHOOTH OCH'EAATOA 

•• ., 

:>.' . oottOIl 
"J 7e1fJro 
~" oooocr 
~~ AóbOOIl 
)to ""OOJC 
57 UOO~( 
,O •• 08h( 
~'I ."oec • 
(,0 "'''08''0 
h l AblOEO 
b2 "'blOOC 
h:l ....... 7orO 
h" AE,ocr 
", .0bCC" 
bb 780200 
,,7 ""'O"CI' 
bll "0 7B(F 
b<J " 802(0 
70 "07OC7 
71 " oo;>eo 
12 "070(0 
IJ ".0:'1''' 
7" PC78F""1I 
7' OC02FO 
1/, BE79J' 
T I OA2 1( '-
70 eoDOE" 
7? 9000E" 
UO ooooeF 
91 9OO0CF 
n~ ooooe,-
03 9OO0cr 
()" OOOOE:F ., 

ADO VO,V2 , ~O~,OU1~ 

AOO ... 0 . v2 PO" . OUI2 
5U0 VO v:: , 1; 0 1 , OUI;> 
AliO vo . V2 , f' l I . OVl~' 
li DO VV VO , r. oo. OUT:l 
AOO vvvo. nO I . OU I =' 
suo OSe . VOUT . POO, OU12 
LO" VOU1 . ... V . OU12 

C:CNE"A~TE S~I.IT OO1H 

f REE_eRROR I'flOP v '" '" '" '" ". ,,. 

174 ? A70FD Suo 09c,vour,Roo,OUII 
17:) 9C50Er lOA VOUt.V .... DUT\ 

.. ., ., .. 
'" " ,. 
" ,. 
" ,. 
n 
,o 

" 80 
O , o. 
o, 
•• o, 

o. 

LO'" O"R . esC. Qoo 
liDO O~C MP. l O r.CN05 
lO'" O"'R . VOIJl. LOI 
LOA F5.0SC 
SUB rs. "'''' 
ABS "$, 1'<; I O I 
SUB f 5. li". 
AoO "5.1'5 , LO I 
LOA ' C. ~"O, POO 
SUB F(. OSC OUI, 
AOO rc. "1"4 OU IO 
LIM ' -C.r c. poO,OU10 
LOA VPRr VDVI.LO I .OUTO 

''"0 
0'''0 
"'''0 
ou'" 
""'0 
OU10 
MO 
LO" DAR . 1. P OO 

crNER fllE CL IPP( O S I NE 
WIIVF rROM 5 ' , IH0 0 1 H 

OENEPA1E S OUAIlEO 
COS INE wA ... e rROI'I 

5 "wf OO Tt. 

B B IT MUL TIPLV 

'00 'O, ,o, 
IB' ,.' ,., 
1 •• ,., , .. 
'O, 
' ·0 
"1 .., 
19:1 

17b 4 BbCEF LO A OA~. ~C.ROO 
177 180='00 AO O OSC.I'o" 4. LO I- CNUS 
1"0 4 A6"eF LDA OAP,VOUl.r..O I 
17'1 " 87eEF LOA FS.OSC 
100 " S02EO suo fS.KP . 
\01 .070C7 AD5 "8, FO S. LO I 
IO~ 4S02EO ~D F5, KP" 
I S:! " S/OCO Ano FS, F5. LOI 
10. e"o~r LOA I C. MPO.QV IO 
l a :) 8(7SFD ~UD FC,QSC,OU TO 
Ul b eCO:!FO ioDO FC,!'.P"" OUTO 
107 SE1BF 5 LI" FC,FC.OU10 
100 'A;>~FF LBA FO.Fe,FOP 
IO~ BIl õ! I CF LO A ... PRF , VO\Jl.LOI.OUfO 
I?O BOOOE" OUTO 
I? I BOOOEr ouro 

E NO 

SY"OOL 

° , , , 

S "'Wl00TH CfNERA1QA 

CENERArF. CLlPf'EO SII~E 
1.IAVE JoAOI1 S AI.ITOOTH 

CENEJtA tE SOVAIIEO 
c as tIE !-lAVE FAOI'I 

6.<I1.IT001 ... 

O. 
O, 
BB 
ao 
.0 ., ., 

" 2 b (EF 
F"lceoc 

o/ E I C9:<'C 
00 O I CO.C 
O'i' C I CBbC 
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'l I "" CO AC 
~~ q l CBCC 
qJ 81Cec:C 

AOO "'N, FO.POI.CN07 
Ano "'N. FO Q02.(NOb 
AOO "'N, ~O . R0 3. C tIO~ 

AOO "'N,FORO " .CNO~ 

AOO VN.FO, RO'.CNOJ 
AOO VN. FO, Rob,eNO:O 
"'DO VN,FO. R07 CNO. 
AOO VN, FO, ROB . CNOO 
suo ro. ro. LOI tlOt· 
AOO VN , r O.Roo.C ND 5 

COs .. jNPur. LOC K MIXER 

REI: v, 
VO OCL 
VL 
VO 
W 

• , 
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ERR<m" 
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RAI1SIlE 
HOH5 1 lE 

(lmP U õ rE 
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su, AOy 
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V2, RCC:. ROO. INO 
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VQ. II CC, RO • • ( VIS 
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" '" 

.. 

EleCl ronlc 0 81llgn • March 31 , 1981 167 



III 

'" 
IC 

!~ 
,J~ 

I 

I 

NEW SOUND 
ENERATORS OFFER 

lOW-COST EFFICIENCY 
PrOJeCIS Unllmlled 5 new hoe 01 PlClO Ceram!c Benders {Se ries peS-\) 
combine low-cost elflclency Wllh small slze . reliable constr ucl ion and 
superb performance These umlS wllI sound wllh as IllIIe as 3 VAC applled 
and are useful Qver lhe range 011 51015 KHz dependlng on lhe bender slze 
and model number Hlgh Impedance allow$ lhe umts to be easlly drlven 
Irom convenl1Onal I C devlces 

For more IOlormallon . wnte PrOlects Unhmlled, Inc _ 
3680 Wyse Road . t 
Oayton . OhlO 45414 prOJec s 
Pnone (5131890·1918 . unllmlted 
TWX. 810-450-2523 

CIRCLE 76 

KIT ENCODERS 
CANSAVEYOU 

MONEY. COSI savi ng 01 approxi mately 50% 
• No shaft to shafl coupling reQuired 
• No scope reQuired 
• Performance comparable to 

housed units 
• Easy foolproof aJlgnmenl 
• AlIgnmenl leols provJded 

.JÍ 111$1 ' u$ aI 

,. Electro/m 
Soom 3968 

G 
c./J 'or dfJlallfJd in'orm.Uon. 

"VERNITEC:E-3: 
a divlSlon 0 1 Vern,tron Corporat lon 

300 Marcus Boulevard. Oaar ParI<.. N .V. 11729 
15161586-5100 I TWX 510· 227-6079 

S"An ANG l E U.COOEAS n)Pf ICAl ' CO""ACT, • PJlECIS IO N Jll .... "oTENI IO .... ET ERS 
UO IO"S , "Y SI[A[S'S SY NC ... AONOUS S EA",O IN[ IH IAllY OAUPEO ST(PPE R, 
Bl'lIoOll S ' CLU TC"'lS , PRl CISION' INOUS IA ''' " , PR (SSU RE TRAt' SOUC( RS 

• SY NC .. RO OtC II"l CONVl RT[" S 

CIRCLE 77 

Analog signal processo r 

Inpu! 
slgn.1 

V,It)."", 

Output 
'"" - "'" tlgna! 

10. Thls block dlagram ofthe PLL macromodel hlghllghts Its 
dc characterlstlcs and thelr relatlonshlp wlthln the loop. 

The pl'oduct of the sine-wave input and the square­
wave VCO s ignal conla ins a 2/-rr factor. This value 
is modifi cd b;' ,, / 2 becau"c of lhe inhcrent gain of 
lhe mixer (rcpresented b)' thc multiplier). The lim it 
va lue g ivcn bl' the 2920 speci fication sheet for KOm" 
is modified bl' ,,/ 2 and becomes approxi mately 
±0.96875. (Refer agai n to Fig. 3, bottom .) 

The variable K 1) is l'eprcsc ntcd bl' the gain stage 
ahead of the limiler. Its gain is lhe ratio of lhe limil 
and lhe peak inpul signal voltages when K " reaches 
its maximum va lu e. Though om itted in the macro­
model, th is gain scales dow n the inpu t-signal sensi­
livil;' b;' a faclor of 45 from ils ± input levei to fill 
t hc 2920's digital -to-ana log register. 

The phase-deteclor outpul is fillered so lhat the 
VCO inpl1 l conla ins onll' lhe difference frcquency 
com ponent of th e f irst hUl'mon ic. This VCO input 
(vo lls) is mulliplied bl' lhc VCO gain conslant, K~ 
(rad ians/volll, giving a n output in radian s. Thi s 
ol1 lpl1t, \\'h en dividcd by 211" , rcpresents the dif­
fcrcnce, .H, belween lhe input a nd VCO fr equencies . 

The VCO frcquen c)' a nd frequency difference sum­
matio n (f" + ~f) ml1st be in tegrated to deri ve the 
phase differcnce bet\\'een the inpu t and VCO signals . 
Th is in tcgralcd s ignal, representing the instan­
tancous phase difference belween input and output 
s ignals, drives the sa\\'tooth generator to produce th e 
VCO frequencl"D 
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